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DIET ANALYSIS OF NATIVE AND NON-NATIVE JUVENILE SALMONIDS IN A 
LAKE SUPERIOR TRIBUTARY 
By 
Alexis C. Growe-Raney 
  
Introductions of Pacific salmonids to the Great Lakes and their tributaries have 
caused concerns about potential competition with native brook trout (Salvelinus 
fontinalis) of the region.  My research evaluated the diet of five fish size categories 
(FSCs) of brook trout, non-native steelhead trout (Oncorhynchus mykiss), and coho 
salmon (Oncorhynchus kisutch) in a tributary of Lake Superior by using diet overlap and 
selectivity indices as measures of potential competitive interactions.  Stomach contents 
and drift were analyzed for seven months in three habitat areas of the study stream. 
Stomach contents were obtained from 643 fish and yielded 6245 prey items, the majority 
(76.3%) of which were aquatic.  Diet overlap analysis included 8372 comparisons 
between individual fish and 42.63% of these comparisons had an index value of 0.0, 
meaning that the two individuals did not have a single prey item in common. Results 
suggest that niche differentiation has occurred among the three fish as indicated by the 
low diet overlap index values between interspecific pairings of FSCs and differences in 
the selectivity values for the most common prey items in the drift and diet among the 
FSCs.  While this study provides evidence of the ability of native brook trout to persist in 
the presence of non-native Pacific salmonids in Great Lakes tributaries, it also suggests 
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CHAPTER ONE: DIET ANALYSIS OF NATIVE AND NON-NATIVE JUVENILE 




Over the last century there have been marked changes in the fish assemblages of 
Lake Superior and its tributaries.  This study focused on the diets of juveniles of three 
sympatric salmonid species found in Sevenmile Creek, a tributary on the south shore of 
Lake Superior (Figure 1); focal species were brook trout (Salvelinus fontinalis), coho 
salmon (Oncorhynchus kisutch), and steelhead/rainbow trout (Oncorhynchus mykiss).  
Both Oncorhynchus species are native to the Pacific coast of North America, but the 
initial populations in the Great Lakes were stocked from hatchery strains.  Efforts to 
rehabilitate and restore brook trout in its native range have been complicated by the 
presence of non-native salmonids (Fausch and White 1981, Fausch and White 1986, 
Krueger and May 1991, Marschall and Crowder 1996, Vitousek et al. 1996, Newman and 
Debois 1997, Hudy et al. 2004, Copp et al. 2005, Carlson et al. 2007, Huckins et al. 2008, 
Sloss et al. 2008, Fausch et al. 2009).  A comparison of the diet of the three target species 
will increase the understanding of inter-specific interactions among them and may 
suggest possible alternative management approaches for native brook trout in the region.   
Non-native fish species can have significant ecological consequences on native 
biota in many freshwater ecosystems (Mills et al. 1993, Mack et al. 2000, DeClerck et al. 
2002, Baxter et al. 2004, Holeck et al. 2004, Snyder at al. 2014, Alexander et al. 2015, 





reduction of biodiversity among regions and/or ecosystems, leading to homogenization of 
biota and the reduction of endemic species or populations (Rahel 2000).  The effects of 
non-native fish introductions can be direct (e.g. predation or competition) or indirect (e.g. 
trophic cascades, exploitative competition, apparent mutualism/facilitation, ecosystem 
engineering) (White et al. 2006). The potential for species interaction, especially 
interspecific competition, increases with sympatry of native and non-native fish 
populations due to the lack of shared evolutionary history (Fausch and White 1986, Mills 
et al. 2004).   
Because invasions will continue to occur and successful removal of non-native 
species is typically a logistical and fiscal improbability with potential unanticipated 
consequences (Bergstrom et al. 2009), management and research goals need to focus on 
the mechanisms of coexistence of native and non-native species (Goodenough 2010, 
Mills at al. 2004).  Despite the pressures of interspecific competition, guilds of similar 
species can coexist (Nakano et al. 1999, Henkanaththegedara and Stockwell 2014).  
Niche differentiation through resource partitioning provides a simple explanation for 
sympatry because it does not rely on immigration dynamics or metacommunity processes 
(Tilman 1999, Mason et al. 2008). 
When a non-native species is first introduced to a system, resource partitioning is 
an active, ongoing process and the realized niche for all species will depend on the 
success of the invader’s introduction.  Success is usually measured by the ability of a 
non-native species to establish a self-sustaining, naturally reproducing (naturalized) 





(adventive) population (Lockwood et al. 2005, Miller et al. 2014) can relieve pressure on 
the native community. Fortunately, naturalization of non-native species is rare (about 
10%) and only a fraction of those that do become naturalized have serious effects of the 
native community (Bohn et al. 2008).  In general, the “Competitive Exclusion Principle” 
(Gause 1934, Hardin 1960) should be apparent in systems during, and possibly after, the 
naturalization of a non-native species.  However, this principle does not easily explain the 
incomplete exclusion of native species after a successful invasion/introduction where 
niche differentiation has occurred. 
The effects of an invasion/introduction are best measured by comparing before 
and after metrics (e.g. changes in native species’ niche, density, individual growth, food 
intake) on the target species (Bohn et al. 2008).  Since this scenario is rarely possible, 
other means of quantifying post-invasion/introduction effects have been developed.  If 
interspecific competition is occurring, there should be measureable niche overlap among 
the species.  Most niche overlap indices assume that all individuals in a population are 
ecologically identical and overlap to the same degree with all individuals of other species 
(Hurlbert 1978). This assumption is violated when applied to fish communities because 
individuals vary in size, behavior, competitive ability and resource use (Nakano et al. 
1999).  The structure of indigenous aquatic communities of fish and invertebrates can be 
heavily influenced through predation and competitive interactions with the invading 
species (Lodge 1993).  Analyzing diets of specific age/size classes can be used reduce 
conflict with the assumption of niche overlap indices (Mills et al. 2004).  High levels of 





niche differentiation and potential interspecific competition.  Alternatively, low diet 
overlap might indicate that competitive interactions have been reduced, realized niches 
have been established, and the non-native species has been naturalized without complete 
exclusion of the native species.   
 O. mykiss was introduced into the Great Lakes as early as the 1880s (Bartron and 
Scribner 2004) and has established naturalized populations.  O. kisutch was also 
successful in establishing self-sustaining populations.  Following the first stocking in a 
Lake Superior tributary in 1966, coho salmon were found in 46 tributaries the next year 
and in ~60 tributaries by 1974 (Peck 2001).  Salvelinus fontinalis were historically only 
found north of the Jordan River in the northern-most portion of the Lower Peninsula of 
Michigan.  Stocking programs have greatly increased the geographic range of brook 
trout, but in its native range the species has frequently been replaced by non-native 
salmonids such as brown trout (Salmo trutta) and rainbow trout (Fausch and White 
1981).  The majority of North American juvenile brook trout are found in cold, clear 
headwater tributaries with high oxygen levels and fast running waters, often distributed 
further upstream than steelhead trout where they are sympatric (Ficke et al. 2009). 
Salmonids have been shown to exhibit high levels of prey selectivity, specifically 
consuming some prey items more frequently than others available in the drift (Cushing 
and Allen 2001).  This selectivity could differ among sympatric species, suggesting 
resource partitioning.  Studies of non-native trout and native charr in Scandinavia have 
shown that diets of non-native trout and native charr differs considerably where species 





factors that could influence selectivity include seasonal change in prey availability, prey 
community differences among habitat types, and size structure of the fish populations. 
Nilsson (1955) suggested that large amounts of one prey type at a particular time of year 
could break down diet differentiation in sympatric populations.  When limited by gape 
(small fish) or when forced to occupy less desirable feeding positions, salmonids may 
also feed off the stream bottom (Rader 1997) where different prey would be encountered.   
In this study, I compared diet overlap and selectivity indices of juvenile native 
and non-native salmonids and investigated seasonal, habitat, and size-related differences 
in the diets of the three target species.  Diet overlap and prey selectivity indices indicate 
whether potential competitive interactions could thwart brook trout rehabilitation efforts 
in areas where all three species are present.  Low diet overlap values may provide 
evidence of niche differentiation suggesting lower than expected interspecific 




 The study area was within the U.S. National Park Service Pictured Rocks 
National Lakeshore (PIRO) in the Upper Peninsula of Michigan about 32 km east of 
Munising, Michigan (46.614898 N, 86.260509 W).  The study stream, Sevenmile Creek, 
is located on the eastern half of Twelvemile Beach on the eastern edge of the Beaver 
Basin Wilderness Area and flows directly into Lake Superior (Figure 1).  Sevenmile 





of groundwater input compared to other streams in the area (Rybczynski 2005).  The 
climate is heavily influenced by its proximity to Lake Superior and is Dfb type on the 
Koppen Climate Classification System.  
Salmonid species present in the study area include brook trout, coho salmon, and 
steelhead.  Brown trout (Salmo trutta), chinook salmon (O. tshawytscha), pink salmon 
(O. gorbuscha), and splake (Salvelinus fontinalis X Salvelinus namaycush) were found 
infrequently.  Common fish community species include Eastern blacknose dace 
(Rhinichthyes atratulus), longnose dace (R. cataractae), redbelly dace (Phoxinus eos), 
slimy sculpin (Cottus cognatus), mottled sculpin (Cottus bairdi), longnose sucker 
(Catostomus catostomus), white sucker (Catostomus commersonii), central mudminnow 




The experimental portion of the stream was divided into fourteen, 150 m reaches 
starting at the mouth of Sevenmile Creek and numbered in ascending order. The mouth of 
the creek was sampled occasionally, but due to its dynamic morphology, the exposed 
sand beach was not included in the standard fourteen reaches.  The upstream end of the 
study site was defined by the presence of deep beaver ponds where backpack 
electrofishing became ineffective.   Each reach was subdivided by ten transects at 15 
meter intervals for the collection of habitat data (Figure 2). Stream reaches were grouped 





(type 3) (Howard 2013).  Reaches 0-5 were habitat type 1 (approximately 750 m of 
stream), reaches 6-9 were habitat type 2 (approximately 600 m), and reaches 10-14 were 
habitat type 3 (approximately 750 m).  Stratified random sampling without replication 
was used during associated work in 2008 and was matched in subsequent years, including 
the study year (2010) for this project.  The sampling scheme required at least two reaches 
from each habitat type per month to be sampled for fish during the ice-free season (May-
Nov).  
 
Habitat metrics  
 
Each month two reaches from each of the three habitat strata (high gradient, low 
gradient, and beaver pond) were assessed for habitat conditions including velocity, pH, 
conductivity, and water and air temperature; habitat metrics for each reach were collected 
at least twice.  All habitat data were analyzed at the habitat strata level using the means 
and medians from each representative reach to match the data from individual fish and 
drift samples which were collected at the habitat strata level rather than the reach level.  
Water velocity was measured at three points along each transect at approximately 
one third of the stream width (Flo-Mate, model 2000, Marsh-McBirney, Loveland, CO).  
These values were averaged for each transect in a reach and a mean for each reach was 
calculated.   Air and water temperature, pH, and conductivity were measured at the 
downstream end of each reach. Temperature of the air and stream were also measured 





Corp., Bourne, MA) programmed to monitor on an hourly basis at Reach 1 near the 
mouth of the creek.   
The substrate of each reach was assessed once during the sampling season using a 
modified Wolman Pebble count method (Kondolf and Li 1992).  Substrate samples were 
collected at ten points along each transect and categorized into one of the following 
categories: silt, sand, pebble, gravel, cobble, boulder, bedrock or wood/vegetation.  The 
proportions of substrate were calculated from each transect to determine mean proportion 
for the reach. 
Available forage from the drift  
Field Protocols 
To assess forage selectivity of the three target species of salmonids, the available 
forage items from the drift were compared to the gut contents from the sampled fish 
(Kotila 1987).  Drift samples were collected at the habitat strata level each month.  Exact 
drift net placement and removal times were recorded along with water velocity at the 
nets’ position to estimate the volume of water sampled (Figure 2). Drift samples were 
collected using two rectangular nets constructed of 323 µm mesh with a frame size of 
44.5 X 29.5 cm (Figure 3).  The nets were placed in reaches 2, 7, and 10 (each acting as a 
representative of one habitat strata) for two consecutive nights at the same location each 
month.  When sampling drift, one net was placed a few meters upstream from the other 
(Figure 2).   The six drift nets were simultaneously put into place 30 minutes before 
sunset and kept in place until 30 min after sunset totaling one hour of sampling time.  
Estimated time of sunset was retrieved from the http://www.sunrisesunset.com/ website 





and the water velocity were measured for each net. Flow was determined at the water 
surface by timing a float travelling one meter directly upstream from the net site before 
nets were placed in the water.  The total volume of water sampled and the density of drift 
organisms in the sample were calculated. The debris and organisms entrained in the drift 
net were removed and preserved in the field with 95% ethyl alcohol (ETOH) and taken 
back to the lab for sorting and identification.  All of the drift sampling and sorting used 
323 µm mesh.   
   
 
Laboratory Protocols 
Drift samples were strained with 323 µm mesh and re-saturated with 95% ETOH.  All 
drift samples were initially processed using a sugar solution (specific gravity of 1.12-
1.13, Anderson 1959) to aid in the separation of debris from available forage items.  Each 
sample was sorted for no longer than two hours to control effort per sample.  All 
organisms picked from the sample were transferred to another container of 95% ETOH to 
await identification.   
Identification of available forage items using a dissecting scope was limited to 
whole organisms and intact heads and bodies; exuviae and partial bodies were not 
identified.  Appendix A lists all of the prey categories found in both the drift samples and 
stomach samples.  Each individual organism’s total body length and head capsule width 
was measured to the closest 0.1 mm to enable calculation of biomass for each prey 





calculated biomass was also used to assign each drift item to one of five prey size 
categories.  Previously published literature (Hilsenhoff 1975, Edmunds et al. 1976, 
McAlpine et al. 1981, McCafferty 1981, Oliver and Roussel 1983, Resh and Rosenburg 
1984, McAlpine et al. 1987, Clifford 1991, Merritt and Cummins 1996, Voshell and 
Wright 2002, Bouchard 2004, Marshall 2006, and Thorp and Covich 2009) was used to 
identify each individual to a prey category group that included lowest reliable taxonomic 
group (typically family), parent taxonomic group (class or order), life stage (egg, larval, 
pupal, adult), and source (aquatic, terrestrial/aerial or both). All prey size, prey life stage 
and source categories are listed in Table 1.  Prey source categories were based on the 
environment that the individual item was most likely using before it became entrained in 
the drift.  The “both” category indicated that the prey category could contain taxa that 
would occupy either habitat and the taxonomic resolution of the prey category did not 
allow for assignment to aquatic or terrestrial. An individual of each taxonomic group 
identified in the drift and stomach contents was set aside as a voucher specimen.  
 Drift data were used to generate a list of taxa present in the stream and calculate 
prey category richness (categories separated by taxonomic identity and life stage), total 
biomass, and proportions (both biomass and abundance) of each available prey category 
by month at the habitat-strata level.  Additionally, head capsule width/body length 
regressions for certain taxa as well as average size/biomass and direct mass 
measurements were made for available prey categories that could not be calculated with 








 Fish were caught using a Badger backpack electroshocker (Badger model, ETS 
Electrofishing, Madison, WI, operated between 250-300V, duty cycle~40%) in 
accordance with NMU IACUC protocol # 114 (Appendix D). At least two reaches in 
each habitat strata were sampled May-Nov, 2010. The electroshocking protocol 
minimized the likelihood of recapturing fish during the same sampling event by keeping 
all fish caught in live wells until the entire reach was sampled.  
Brook trout, steelhead trout and coho salmon caught during sampling events were 
measured for total length (mm), weighed (g), and identified.  The three target species of 
fish were divided into five fish size categories (FSC) based on total length that related to 
probable age; individuals less than 120mm were considered age 0, while individuals 120-
180 mm were considered age 1 (Kusnierz et al. 2009).  The five FSCs included in the 
study were B0=brook trout<120mm, B1=brook trout≥120mm, S0=steelhead<120mm, 
S1=steelhead≥120mm and C0=coho<120mm.  Brook trout and steelhead trout life 
histories indicate that both age 0 and age one individuals should be found in the stream.  
Coho salmon typically undergo smoltification with migration after one year, so age 1 fish 
should be absent in the stream; most coho salmon outmigrate in the fall of their age 0 
year in Sevenmile Creek, although in some years they may outmigrate in the spring of 
their age 1 year (Jill Leonard, Northern Michigan University, personal communication).  
The total target sample size for diet analyses for each month was 150 fish (10 
individuals from each of the five FSCs in each of the three habitat strata), although this 





analyses underwent gastric lavage for collection of stomach content. In accordance with a 
concurrent non-native salmonid removal project, all steelhead trout and coho salmon 
were euthanized via cranial concussion followed by decapitation after gastric lavage and 
discarded along the stream bank. All brook trout sampled were returned to the reach of 
capture. 
Data collected from sampled fish were used to calculate fish relative abundance, 
density, condition, and relative weight.  Fish relative abundance was determined for the 
five FSCs at the reach and habitat strata level for each month.  Fish density (relative 
abundance/m2) was calculated by month using all fish <250 mm from the three target 
species that were caught during sampling and dividing by the total area of each reach 
sampled during each month.  The 250 mm maximum was used to eliminate spawning 
adults from the density calculations since they are only present for a brief period.  Fish 
condition was determined using Fulton’s condition factor (KTL) (Anderson and Neumann 
1996).  To determine if there were significant differences in the distribution of KTL values 
among the three species, five FSCs, three habitat strata, or months, Kruskal-Wallis 
analyses were used (α=0.05).  Post-hoc Mann-Whitney U analyses (α=0.05) identified 
which grouping factor KTL values differed from one another in pair-wise comparisons.  
Relative weight (Wr) (Wege and Anderson 1978) was calculated using standard weight 
(Ws) from previously published literature (Table 2).  Ws equations were only applicable 








 During each monthly sampling session, the first 10 individuals >40mm caught 
from each of the five FCSs in each of the three habitat strata underwent gastric lavage.  
Gastric lavage is a preferred, non-lethal method of obtaining stomach content (Meehan 
and Miller 1978, Culp et al. 1988).  During 2009 Howard (2013) constructed a collection 
tray large enough to catch all of the lavage fluids and prey items from each sampled fish 
(Figure 3).  The tray had a port with a removable cup with a mesh sieve (323 µm mesh) 
attached to the bottom.  Each stomach content sample was collected into the tray and then 
flushed with clean water to wash items into the removable cup.  The sieved stomach 
contents were then transferred to individual containers with 95% ETOH for storage and 
processing.   
Identification of prey items found in the stomach content samples mirrored the 
protocol set for the drift samples. Anderson’s (1959) sugar solution sorting technique was 
not used on stomach content samples.  Stomach content data were analyzed for prey 
categories present, prey category richness, proportional abundance of each prey category 
(%N), proportional biomass of each prey category (%W), proportion of empty stomachs, 
prey size categories present, prey source categories present, diet overlap based on 
abundance (DO#) and biomass (DO(mg)), and diet selectivity.  A fullness index was also 
calculated by dividing the total biomass of all prey item in a stomach by the biomass of 
the fish.  The fullness index was divided into five categories; 1=0, 2=<0.0001, 3=0.0001-





Prey size, prey source and prey life stage categories were analyzed using cross-
tabulation and Chi-square tests with species, FSC, month, and habitat as the grouping 
factors.  Expected and observed counts as well as the proportions of individual prey items 
found in all the stomach samples for the three variables were included in cross-tabulation 
analyses (CROSSTAB).  The CROSSTAB analysis focused on the number of individual 
prey items observed in stomach samples.  The mean number of individuals/stomach was 
only analyzed using FSC as the grouping factor with Mann-Whitney U tests. 
Diet selectivity is used to characterize the degree of selection of a particular prey 
type by the predator being studied.  Drift samples were used to determine the available 
prey categories’ relative abundance used in calculation of diet selectivity.  The Strauss 
selectivity index (L=ri-pi; Strauss 1979) was chosen over other indices because it was 
more stable in reference to changes in the number of prey categories available from 
month to month (Lechowicz 1982, Confer and Moore 1987).  This index has a value 
range of -1 to 1.  Negative values indicate an avoidance or inaccessibility of a prey item 
by the predator, zero values indicate a random selection for the prey item, and positive 
values indicate active selection for that prey item (Strauss 1979).  
Selectivity by %N and %W was calculated for all prey categories found in either 
the diet or the drift for each month of the study period.  Since the availability of prey 
categories differed by month, analysis of selectivity focused on differences among the 
five FSCs within months.  Only the most common prey categories as determined by %N 
were used in selectivity analyses.  The selectivity indices by %N and %W of the top five 





selectivity by %W was not used in analyses.  The selectivity by %N of the top 10 prey 
categories from the drift by FSC for each month was also calculated to show variation in 
selectivity over time.  Selectivity indices as determined by %N for each prey category in 
each of the individual stomach samples was transformed by adding 1.0 to the value, 
removing negative values that were problematic when performing Kruskal-Wallis and 
Mann-Whitney U tests. This transformation of the index means that values <1.0 show 
avoidance or inaccessibility, values of 1.0 show random selection, and values >1.0 show 
positive selection for the prey item.   To determine if there were significant differences in 
the distribution of selectivity values among the five FSCs, Kruskal-Wallis analyses were 
used (α=0.05).  Post-hoc analyses (Mann-Whitney U, α=0.05) identified which FSC 
selectivity values differed from one another in pair-wise comparisons. 
Diet overlap (Cxy; Schoener 1971) was assessed by comparing each individual 
fish’s gut contents to all other individuals in the same habitat strata and month using the 
FSC as a grouping factor. This resulted in 15 pairwise combinations (B0B0,   B0B1,   B0C0,   
B0S0,  B0S1,   B1B1,   B1C0,   B1S0,   B1S1,   C0C0,   C0S0,   C0S1,   S0S0,   S0S1, and S1S1).  The 
index ranges from 0 to 1 with 0 indicating no overlap and 1 indicating total diet overlap.  
The index values for each FSC were then analyzed using each fish as a replicate.  Fish 




Mean water temperature for Sevenmile Creek during the sampling season (June-





conductivity data were not available for May. Water temperature ranged from 2.2 ˚C in 
November in the beaver pond habitat to 21.7˚C in July in the low gradient habitat (Figure 
4).  The highest mean temperature occurred in July in the low gradient habitat 
(21.3±0.1˚C) and the lowest occurred in November in beaver pond habitat (2.5±0.1˚C).  
No significant differences or trends in temperature were found among habitat strata. All 
months were significantly different (ANOVA, p<0.05) as expected except June and 
September, which were similar (t=1.648, df=10, p=0.130).   
Mean water pH was 7.74±0.04 during the sampling season (June-November). The 
pH ranged from 7.08 in November in the high gradient habitat to 8.14 in October in the 
high gradient habitat.  No significant differences or trends in pH were found among 
habitat strata (Figure 4). Mean water pH was significantly different among months 
(ANOVA; F=3.801, df=5, p<0.01).  June mean pH (7.94±0.03) was significantly higher 
(Bonferroni, p<0.01) than November mean pH (7.50±0.14). 
Mean water conductivity was 140.1±1.6 µS/cm during the sampling season (June-
November) (Figure 4). Mean conductivity was significantly different among months 
(ANOVA, F=31.327, df=5, p<0.01). The lowest conductivity was observed in July in the 
high gradient habitat (120.0 µS/cm) and July’s mean conductivity was significantly lower 
than all other months (Bonferroni, p<0.01).  The highest conductivity observed was 158.5 
µS/cm in November in the beaver pond habitat and November’s mean conductivity was 





Water velocity ranged from 0.02 m/s in August in the beaver pond habitat to 0.92 
m/s in September in the high gradient habitat (Figure 4).  Mean velocity for the sampling 
season was 0.30±0.01 m/s.  Velocity differed significantly among habitat types (Kruskal 
Wallace, p<0.01).  The high gradient stratum was faster (0.45±0.03 m/s) than both low 
gradient (0.23± 0.02, U=2763, p<0.01) and beaver pond habitat (0.19± 0.01, U=1275, 
p<0.01), and low gradient was faster than beaver pond habitat (U=5585, p<0.01).  Mean 
velocity also differed among months (Kruskal Wallace, p<0.01).  June mean velocity 
(0.32±0.02 m/s) was significantly higher than October (0.25±0.03 m/s, U=1154, p<0.05) 
and November (0.23±0.02 m/s, U=1008, p<0.01). 
The high gradient habitat was dominated by gravel (35.06%), cobble (23.9%) and 
sand (14.14%) substrate types.  Low gradient habitat showed a high percentage of silt 
(31.3%) followed by sand and gravel (29.75% and 10.75%, respectively).  Beaver pond 
habitat was also predominately composed of silt (56.4%) and sand (24.26%), but 
included more large woody debris (12.82%) than the high or low gradient habitat areas 
(Figure 5).  Crosstab analysis indicated that the substrate distribution was significantly 
different among the three habitat strata (X2 (14, 1409) = 540.316, p<0.01) (Table 3). 
Available forage from the drift 
 
The available forage in the 82 drift samples collected consisted of 7036 organisms 
representing four phyla, seven classes, and 18 orders.  A total of 56 families were 
represented; however, not all individuals were identified to family level (8% of 





invertebrate larval, pupal and adult form.  Fish eggs and fish were also found in drift 
samples.  Mean number of organisms per drift sample was 85.8±7.8 individuals. A list of 
all prey categories found in the drift by month and habitat strata is provided in Appendix 
E.   
Drift organism abundance per net differed significantly among months 
(H=25.933, df=6, p<=0.001).  The highest monthly median abundance of drift organisms 
(147.5 individuals/sample, range=125-276) occurred in July and was significantly higher 
than all months except June and August.  The lowest monthly median (22.5 
individuals/sample, range=3-123) occurred in October and was significantly lower than 
June, July and August.  Drift organism abundance did not significantly differ among the 
habitat strata (H=3.604, df=2, p=0.165).  The high gradient habitat had the highest 
median drift organism abundance (85.5 individuals/sample, range=16-355) and the low 
gradient habitat’s median abundance was intermediate (53.5 individuals/sample, 
range=10-264) while the beaver pond habitat median drift organism abundance was 
lowest (47.5 individuals/sample, range=3-195).  
Drift organism biomass differed significantly among the three habitat strata 
(H=9.253, df=2, p=0.010), but not among months (H=8.6, df=6, p=0.197).  The highest 
median biomass occurred in the high gradient habitat (48.5 mg/sample, range=4.5-
2510.5), while the lowest median biomass (18.2 mg/sample, range=.3-105.5) occurred in 
the beaver pond habitat and the low gradient median biomass was intermediate 
(23.5mg/sample, range=7.5-611.0).  August samples had the highest median biomass 





(11.2 mg/sample, range=2.8-31.5).  One sample in July had the highest biomass recorded 
(2510.5 mg/sample) due to the presence of a juvenile Catostomous catostomus that 
weighed 2470 mg.   
The mean drift rate observed for all habitat strata and all months was 0.66±0.06 
individuals/m3.   The highest (1.51±0.39 individuals/m3) and lowest (0.11±0.03 
individuals/m3) mean drift rates occurred in the low gradient habitat in July and the 
beaver pond habitat in October, respectively (Figure 6). Mean drift rate did not differ 
significantly among habitat strata (F=2.362, df=3, p=0.101), but was significantly higher 
in July than October (F=2.234, df=6, p<0.05).   
Mean prey category richness of the drift samples was 15.67±0.72 for all habitat 
strata and all months.  The highest mean richness (29.0±2.4) occurred in the high gradient 
habitat in August while the lowest (8.0±1.7) was found in the beaver pond habitat in 
October (Figure 6).  Mean richness significantly differed among the three habitat strata 
with highest richness in the high gradient habitat and lowest in the beaver pond habitat 
(F=24.044, df=2, p<0.001).  Richness was significantly higher in August than October or 
November (F=3.434, df=6, p<0.01).   
The five most common available prey categories during the entire sampling 
period by proportion using abundance (%N) were baetid mayfly larvae (15.02%); 
chironomid midge larvae (13.87%), pupa (10.15%), and adults (10.92); and simuliid 
blackfly larvae (9.24%). The five most common prey categories by proportion of biomass 





mayflies (3.22%), larval hydropsychid caddisflies (2.82%) and larval gomphid 
dragonflies (2.12%). When calculating the five most abundant prey categories by 
biomass (%W), rare prey categories (<5 individuals) were ignored.  Figures 7-9 show the 
five most common available prey categories in the drift by %N in each of the three 
habitat strata during the sampling period.  Figures 10-12 show the five most common 
available prey categories in the drift by %W in each of the three habitat strata.  
Distribution of the prey size categories differed among month (H=155.776, df=6, 
p<0.001; Table 4) and habitat strata (H=49.844, df=2, p<0.001; Table 5).  Organisms that 
were assigned prey size categories 1 (<0.01 mg), 4 (1-10 mg) and 5 (>10 mg) were rare 
and made up less than 10% of all drift organisms, while prey size categories 2 (0.01-0.1 
mg) and 3 (0.1-1 mg) accounted for 43.6% and 47.9% of the drift organisms collected 
(Figure 13).   
Fish metrics 
 
A total of 2067 salmonids <250 mm were caught from May – November in 2010.  
Brook trout constituted 32.0% (662) of the total, while coho and steelhead accounted for 
31.2% (644) and 36.8% (761) respectively (Figure 14).  The catch per unit of effort 
(CPUE) of all fish was lowest (0.013 fish/m2) in November while the highest CPUE 
measured (0.060 fish/m2) was in September.  Brook trout CPUE was significantly higher 
in the beaver pond habitat than either high (U=29, Z=-3.171, p<0.01) or low (U=53, Z=-
2.068, p<0.05) gradient habitats (Figure 15).  Coho salmon CPUE was significantly 





2.492, p<0.05) gradient habitats.  Steelhead trout had significantly higher CPUE in the 
high gradient habitat that the low gradient (U=34, Z=-2.941, p<0.01) or beaver pond 
(U=11, Z=-4.001, p<0.001) habitats.  
Fulton’s condition factor (KTL) was calculated for all fish <250mm caught during 
the sampling period except for 146 fish with missing data.  Mean KTL for the five FSCs 
was as follows; B0 (0.927±0.014), B1 (0.981±0.010), C0 (0.892±0.010), S0 (0.950±0.010), 
S1 (1.003±0.017).   Analyses of KTL using Kruskal-Wallis tests grouped by habitat strata 
showed that the high gradient habitat had a significantly higher median KTL (0.964, 
0.410-2.01) than the low gradient (0.924, 0.327-2.01) or beaver pond habitats (0.924, 
0.410-1.64).  August had the highest median KTL (1.00, 0.327-2.02) and was significantly 
higher than all other months.  September had the lowest median KTL (0.869, 0.572-2.01) 
and was significantly lower than May, June, and July.  Analysis (One-Way ANOVA, 
p<0.05) showed significant differences in fish condition for each of the five FSCs among 
the three habitat strata (Figure 16).  The mean B0 fish condition was significantly lower 
(Bonferroni post-hoc, p<0.05) in the low gradient (0.870±.020, n=40) than the high 
gradient (0.936±.017, n=51) or beaver pond strata (0.923±.009, n=115).  The mean 
condition of B1 fish was significantly lower (Bonferroni post-hoc, p<0.05) in the beaver 
pond habitat (0.945±.005, n=279) than the high (0.996±.018, n=66) or low gradient strata 
(0.993±.010, n=104).  C0 fish had significantly higher mean condition (Bonferroni post-
hoc, p<0.05) in the high gradient (0.958±.009, n=303) than the low (.0900±.010, n=250) 
or beaver pond habitat strata (.0895±.012, n=51).  The mean condition of the S0 and S1 





strata (S0=0.995±.008, n=316; S1=1.05±.012, n=104) than the low gradient 
(S0=0.937±.013, n=117; S1=.0995±.018, n=58) or beaver pond strata (S0=0.0.906±.016, 
n=50; S1=0.958±.023, n=17). 
Relative weight (Wr) was calculated for fish <250mm caught during the sampling 
season.  Since the Ws equations from the literature had minimum length requirements 
(see Table 2), most of the fish from the small FSCs were excluded and analyses was 
limited to brook trout and steelhead >120mm (B1 and S1) and coho salmon >90mm (a 
total of 772 fish).  The mean Wr for the three groups of fish were as follows; B1 (89.915± 
0.928), coho salmon >90mm (79.128±1.464), and S1 fish (93.845±1.633).  FSC was not 
used as a factor in any of the Wr analyses, but species, month and habitat strata were.  
Figure 17 shows the mean Wr of the three species by habitat over the sampling period.  
To determine if there were significant differences in the distribution of Wr values of the 
three target species among the three habitat strata Kruskal-Wallis analyses were used 
(α=0.05).  Post-hoc analyses (Mann-Whitney U, α=0.05) identified which habitat Wr 
values differed from one another in pair-wise comparisons.  Analyses using month as a 
factor were not performed due to insufficient sample sizes during certain months once all 
of the smaller sized fish were removed from the data set.   
Brook trout Wr values significantly differed among the three habitats.  The 
median Wr for brook trout was significantly lower in the beaver pond habitat (85.91, 
52.04-151.37) than both the high gradient (89.77, 69.31-160.83) and low gradient strata 
(90.33, 66.44-115.40).  The median Wr values for coho salmon did not differ among the 





higher in the high gradient habitat (97.42, 58.65-124.34) than the low gradient (90.31, 
74.33-134.63) or beaver pond habitats (90.11, 73.47-104.96). 
Diet analyses 
 
Of the 2067 salmonids caught, 643 fish were sampled for stomach contents; 
35.93% (231) of these were brook trout, 25.35% (163) were coho salmon and 38.72% 
(249) were steelhead trout (Figure 18).  The 643 stomach samples contained a total of 
6245 organisms that represented five phyla, 11 classes, 24 orders and 74 families. Refer 
to Appendix F for a complete listing of all prey categories that occurred in stomach 
samples by month and habitat strata. Appendix G shows the %N, %W, and frequency of 
occurrence (FO%) for each of the prey categories found in the stomach contents of each 
of the FSCs.  Seventy-one (11.04%) of the sampled stomachs were empty (Table 6).  
Table 1 explains the prey size, life stage and source categories, for all prey items in the 
diet.  The fullness index ranged from 0 for fish with empty stomachs to 0.1789 in a S1 
fish in October from the low gradient habitat strata.  The mean fullness index was 
0.0024±0.0005.  Each fish was assigned to one of five fullness categories: 1=empty 
stomach, 2=<0.0001, 3=0.0001-0.001, 4=0.001-0.01, 5=0.01-0.2.  The majority (38.06%) 
of the fish had fullness of 2 and only two (5.60%) of the fish had fullness of 5.    
The mean number of prey items/stomach was 9.71±0.62 individuals for all sampled fish. 
The number of empty stomachs was much higher in September than all other months.  
This coincided with the highest measured density and the lowest mean KTL.  According 





total precipitation (237.50mm) and the most days (15) that had more than 0.1 inch of rain 
during the sampling period (Figure 19).  September was also the only month that 
employed the three pass depletion method of electrofishing.  These factors combined 
could help explain the larger numbers of fish caught and the lower condition. 
While seventy-one stomachs were empty, the highest recorded number of prey 
items/stomach was 201 items and occurred in a S0 fish from the beaver pond habitat in 
May.  The number of prey items/stomach (7.20±0.79) was significantly lower in brook 
trout (U=21637.5, Z=-4.701, p<0.001) and coho salmon (10.38±1.33) (U=17847, Z=-
2.074, p=0.038) than steelhead trout (11.59±1.12) (Table 7).  No difference in the number 
of prey items/stomach between size classes of coho salmon and steelhead trout were 
observed.  There were fewer prey items/stomach found in B0 fish (5.75±0.57) than S0 fish 
(12.45±1.68) (U=4834.0, Z=-3.033, p=0.002) and S1 fish (10.23±1.13) (U=3018.0, Z=-
2.801, p=0.005).  B1 fish also contained fewer prey items/stomach (8.01±1.19) than S0 
(U=8474.5, Z=-3.782, p<0.001) and S1 fish (U=5311.0, Z=-3.30, p=0.001).  The number 
of prey items/stomach significantly differed among months (KW Χ2 (6, N=643) = 98.906, 
p<0.001; Table 8).   Fish had significantly lower numbers of prey items/stomach in 
September (3.49±0.38) and November (6.19±1.11) than all other months (Table 9).  Fish 
caught in May and August (13.36±1.04) had higher numbers of prey items/stomach  than 
all other months. Total number of prey items/stomach did not significantly differ by 
habitat strata, but fish in the low gradient strata had slightly larger numbers of prey 
items\stomach (11.14±1.17) than the beaver pond (10.88±1.51) or high gradient 





The mean biomass of prey items/stomach was 75.27±15.86 mg. The biomass of 
prey items/stomach was significantly different among the three species (KW Χ2 (2, 
N=643) = 22.050, p<0.001) and was higher for steelhead trout (112.42±33.88 mg) than 
brook trout (54.98±13.80 mg) and coho salmon (14.50±4.30; Table 7). The biomass of 
prey items/stomach of coho salmon was significantly lower than steelhead. The biomass 
of prey items/stomach significantly differed among the FSCs species (KW Χ2 (4, N=643) 
= 37.736, p<0.001) and was higher for S1 fish (237.64±85.86 mg) than all other FSCs.  
Biomass of prey items/stomach also differed significantly among months (Table 8, KW 
Χ2 (6, N=643) = 71.963, p<0.001).  October and November stomach samples had the 
highest mean biomass of prey items/stomach 196.38±96.52 and 147.81±45.61 mg, 
respectively, and were significantly higher than July, August and September.  May and 
June stomach samples were also significantly higher than July, August and September 
(Tables 9). The mean biomass of prey items/stomach did not significantly differ by 
habitat strata, but the mean biomass of the prey items/stomach was higher in the high 
gradient strata stomach samples (117±29.98 mg) than the low gradient (53.49±26.36 mg) 
or beaver pond (17.27±3.41 mg; Table 10). 
The mean prey category richness/stomach was 4.67±0.12.  Prey category richness 
differed significantly among the three species (KW Χ2 (2, N=643) = 21.646, p<=0.001).  
Brook trout had lower mean richness/stomach (4.28±.17) than steelhead (5.43±.20) or 
coho (4.92±.22), but no significant difference was detected between steelhead and coho. 
B0 (4.31±.25) and B1 (4.27±.22) fish had significantly lower richness/stomach than both 





(4.92±.22) fish (Table 7).  Prey category richness differed among months (Table 8, KW 
Χ2 (6, N=643) = 87.248, p<0.001).  Prey category richness was similar among the three 
habitat strata (Table 10). 
 Distribution of individual prey items into the five prey size categories (1=<0.01 
mg, 2=0.01-0.1 mg, 3=0.1-1.0 mg, 4=1.0-10 mg and 5=>10 mg) according to 
CROSSTAB analyses were significantly different among the three target species (Χ2 (8, 
N=6245) = 767.185, p=0.000: Table 11), five FSCs (Χ2 (16, N=6245) = 1464.119, 
p=0.000: Table 12), months (Χ2 (24, N=6245) = 1560.665, p=0.000; Table 13) and 
habitat strata (Χ2 (8, N=6245) = 308.542, p=0.000 Table 14).  Brook trout tended to eat 
more size 4 (39.9% of total items consumed) prey items than other size categories.  Coho 
salmon had the highest proportion (49.1%) of size 2 prey items while steelhead trout 
consumed more (44.1%) size 3 prey items than any other prey size category (Table 11).  
Size 1, 2 and 3 prey items were consumed in higher proportion by steelhead trout than 
brook trout.  Coho ate less size 4 and 5 prey items than brook trout or steelhead trout 
(Table 11).  When comparing proportions of prey size categories of diet items by FSC 
(Table 12), smaller fish consumed higher proportion of smaller prey size items, while 
larger fish consumed higher proportions of larger prey items (Figure 20).  When 
comparing the mean number of individuals of each prey category/stomach among the 
FSCs the same pattern is apparent (Figure 21). B1 fish had the highest mean number of 
individuals/stomach of the size 4 (4.431±.607) prey items while S1 fish had the highest 
mean number of individuals/stomach of the size 5 (2.522±743) prey items.  C0 fish had 





and S0 fish had the highest mean number of individuals/stomach of the size 1 
(0.230±.054) and size 3 (6.706±1.264) prey items.  Larger prey items (size 5) were more 
common in the diet in spring and late fall, while smaller prey (size 2) items were most 
plentiful during mid-summer, peaking in August (Table 13, Figure 20).  Fish in all three 
habitats ate more size 3 prey items than any other size prey.  The number of size 2 and 
size 5 prey items eaten in the high gradient habitat was significantly different than in the 
beaver pond habitat (Figure 20, Table 14).   
 The distribution of the five life stage categories (invertebrate larvae, pupae, adult; 
and fish eggs and fish) according to CROSSTAB analyses significantly differed among 
the three target species (Χ2 (8, N=6245) = 638.516, p=0.000, Table 15), five FSCs (Χ2 
(16, N=6245) = 1154.111, p=0.000, Table 16), months (Χ2 (24, N=6245) = 1090.099, 
p=0.000, Table 17), and habitat strata (Χ2 (8, N=6245) = 489.748, p=0.000, Table 18).  
Larvae were the most common life stage present in the stomach samples (3587 
individuals and 57.4% of the total prey items consumed).  Steelhead trout consumed the 
majority (50.3%) of the larvae present in all stomach samples, while coho salmon and 
brook trout consumed relatively similar proportions (Table 15).  Adults were the second 
most abundant life stage in the diet (1997 individuals, 32.0% of the total prey items 
consumed).  The majority of the adults present in the stomach samples were consumed by 
steelhead trout (40.7%) and constituted 28.1% of their diet.  Further examination using 
FSC comparisons (Table 16, Figure 22) revealed that S0 trout predominately ate larvae 
(56.3% of their total diet and 37.0% of the total larvae consumed by all sampled fish).  





category.  When comparing the number of individuals of each of the life stage 
categories/stomach among the FSCs (Figure 21), B1 fish had the highest mean for both 
invertebrate adults (4.39±.59) and fish (0.041±.021).  C0 fish had the highest mean 
number of pupal invertebrates/stomach (2.07±.61).  S0 fish had the highest mean number 
of larval invertebrates/stomach (9.08±.87) and S1 fish had the highest mean number of 
eggs/stomach (1.91±.74).  Stomach samples from August had the highest levels of both 
pupae (44.9% of all pupae found in stomach samples) and larvae (32.5% of all larvae 
found in stomach samples).  Adult prey items peaked in May (31.0% of all adults in the 
stomach samples) while eggs were only found in the diet in the spring and fall (Table 17, 
Figure 22).  Four of the eight fish found in the diet were consumed in June. The larval or 
juvenile fish consumed were only found in the high and low gradient habitat strata.  
Beaver ponds had the highest proportion of adult prey items (39.9%), but had the lowest 
proportion of fish eggs (1.6%) found in stomach samples.  The majority (75.9%) of the 
fish eggs were found in stomach samples from the high gradient strata (Table 18, Figure 
22). 
 The distribution of the three prey source categories (aquatic, terrestrial/aerial, or 
both) according to CROSSTAB analyses significantly differed among the three target 
species (Χ2 (4, N=6245) = 20.057, p=0.000), five FSCs (Χ2 (8, N=6245) = 24.339, 
p=0.000), months (Χ2 (12, N=6245) = 806.086, p=0.000), and habitat strata (Χ2 (4, 
N=6245) = 16.682, p=0.000).  The majority of prey items consumed were aquatic (4766 
individuals, 76.3% of total prey items) and steelhead trout stomachs contained the highest 





Aquatic prey constituted 79.2% of brook trout diet, 73.6% of coho salmon diet and 76.3% 
of steelhead trout diet.  Terrestrial/aerial prey items accounted for 21.8% (1361 
individuals) of all prey items found in stomach samples and 47.2% of those were 
consumed by steelhead trout.  Table 19 shows the proportions of all three prey source 
categories for the three target species.  When analyzing prey source categories by FSC, 
aquatic items constituted over 70% of each of the five FSCs diet (Table 20).  The highest 
proportion of aquatic prey items and both (aquatic and terrestrial/aerial) prey items were 
found in C0 (30.0% aquatic and 33.9% both) and S0 (31.4% aquatic and 26.3% both) 
stomach samples (Figure 23).  The amount of aquatic and both prey items consumed 
peaked in August (23.0% of all aquatic and 40.7% of all both).  The highest proportion of 
terrestrial/aerial prey in the diet occurred in May (43.2% of all terrestrial/aerial).  
September stomach samples saw a notable decrease in the number of aquatic individuals 
consumed; from 1434 individuals in August to 334 individuals in September (Table 21). 
While the distribution of individuals in each of three prey source categories differed 
among the three habitat strata, the proportions of those prey source categories was 
relatively consistent. In general, approximately 75% of the consumed items were aquatic, 
~23% were terrestrial and 2% were both, regardless of the habitat (Table 22).  
Diet Overlap 
There were a large number of cases of zero diet overlap in the stomach samples.  
Of the 8372 comparisons, 3569 (42.63%) had an overlap index of 0.0, meaning the two 
individuals did not have a single prey item in common (Figure 24).  September had the 





cases (275, 7.71%).  The high gradient habitat had the highest number of zero overlap 
cases (1476, 41.36%) and low gradient habitat had the lowest (987, 27.65%).  Of the 15 
pairwise combinations of the five fish size categories, zero overlap values were found 
most frequently in the B1C0 (449, 12.58%), B1S0 (434, 12.16%) and C0S0 (427, 11.96%) 
combinations (Figure 24).  The lowest occurrences of zero overlap were found in the 
B0B0 (70, 1.96%), S1S1 (76, 2.13%) and B0S1 (127, 3.56%) combinations.  This indicates 
that zero overlap occurred most often between size classes of different species (e.g. B1C0) 
and less often within a single species’ size class (e.g. B0B0). 
The mean diet overlap based on abundance (DO(%N)) was 0.16±0.002 and the 
median was 0.09 (Figure 25).  The mean diet overlap based on biomass of prey items 
(DO(%W)) was 0.13±0.003 and the median was 0.01 (Figure 26).  The large difference 
between the mean and the median of both DO(%N) and DO(%W) indicates that the data 
exhibits a high degree of skewness and kurtosis, similar to a Weibull distribution.  The 
high number of zero overlap in all pairwise combinations causes the abnormal 
distribution.  Of the 15 pairwise combination of fish categories, mean DO(%N) was 
highest in S0S0 (0.27±0.010), C0C0 (0.23± 0.011) and B0B0 (0.18±0.015) combinations 
and lowest in the B1S0 (0.12±0.006) and B1C0 (0.12±0.007) combinations . Mean 
DO(%W) was highest in the S0S0 (0.23±0.012), B1B1 (0.17±0.015) and B0S0  
(0.14±0.011) combinations and lowest in the B1C0 (0.08±0.007) and C0S1 (0.09±0.008).  
This indicates that diet overlap, based on either abundance or biomass, was typically 
highest between intraspecific individuals of the same size class and lower between 





When grouping diet overlap index values by month, the highest mean DO(%N) 
occurred in July in the S0S0 (0.65±0.024) combination while the lowest occurred in 
September in the S1S1 (0.021±0.015) combination.  This was unusual based on the 
patterns observed when month was not used as a factor.  Data showed higher overlap 
between intraspecific size cohorts; the diet overlap of S1S1 individuals does not follow the 
trend of lower DO(%N) between interspecific individuals.  The highest mean DO(%W) 
occurred in October in the B1B1 (0.59±0.060) combination and the lowest occurred in 
July in the B1S1 (<0.00±0.0002) combination.  Analysis showed that the distribution of 
DO(%N) and DO(%W) differed among months (Kruskal-Wallis, p<0.001).  The mean 
DO(%N) was higher in July (0.22±0.008) than all other months (Mann-Whitney U, 
p<0.001) and was lower in September than all other months (Mann-Whitney U, 
p<0.001).   
Using habitat as a grouping factor for diet overlap index values, distribution of 
DO(%N) and DO(%W) differed among the habitat strata.  The mean DO(%N) in the high 
gradient habitat (0.14±0.003) was significantly lower than either the low gradient 
(0.18±0.004) or beaver pond (0.17±0.004) habitats (Mann-Whitney U, p<0.01).  The 
highest mean DO(%N) occurred in the S0S0 (0.31±0.02) combination in the beaver pond 
habitat and the lowest combination occurred in the B1B1 (0.08±0.01) combination in the 
high gradient habitat.  The highest mean DO(%W) also occurred in the S0S0 (0.26±0.02) 
combination in the high gradient habitat and the lowest mean DO(%W) also occurred in 







The prey categories that constituted the five most common prey items by %N for 
the each of the five FSCs included: larval, pupal, and adult chironomid midges; adult 
empidid flies; larval baetid, heptageniid and leptophlebiid mayflies; adult mayflies; 
physid snails; coho salmon eggs; larval hydropsychid and polycentropodid caddisflies; 
and adult caddisflies (Figures 29-33).  Of the sixteen different prey categories that were 
represented in the top five most common prey categories by %N in the diet of each of the 
five FSCs, none were found in all five FSCs.  Only two of the 16 (12.5%), larval 
chironomid midges and larval hydropsychid caddisflies, were in the top five most 
common prey categories of four of the FSCs.  In contrast, six of the 16 (37.5%) prey 
categories were in the top five by %N of only one FSC; pupal chironomid midges, larval 
empidid flies and adult caddisflies were only in the C0 top five, larval leptophlebiid 
mayflies were only listed in the B1 top five, larval heptageniid mayflies were only in the 
S0 top five, and coho salmon eggs were only represented in the S1 top five.  Some of the 
prey categories (i.e. physid snails, fish eggs, and larval heptageniid mayflies) were not 
well represented in the drift samples indicating that they may be more abundant in the 
benthos and fish were employing benthic forage tactics instead of drift foraging.  This 
under-representation of certain prey categories could cause biased selectivity values since 
the proportion used in the index calculation did not represent their true availability to the 
fish.    
The prey categories that were represented in the top 5 most common prey items 





salmon, steelhead and longnose sucker eggs; larval hydropsychid caddisflies; and adult 
mayflies and caddisflies (Figures 34-38).  Of these, three prey categories (33%) were 
found in the top five most common listings for four or more FSCs.  Coho salmon eggs 
were in the top five for each of the FSCs indicating that they are an important forage item 
for all of the fish sampled.  Longnose sucker eggs were in the top five for B0, C0, S0 and 
S1 FSCs.  Fish eggs are a seasonal item that provides large amounts of energy in a single 
feeding attempt.  In contrast, two of the nine (22.2%) prey categories were in the top five 
by %W of only one FSC; adult caddisflies were only found in the C0 top five and adult 
mayflies were only in the S0 top five.  In comparison to fish eggs, snails, slugs and 
oligochaetes, adult mayflies and caddisflies have lower biomass/individual so it can be 
inferred that C0 and S0 fish were eating many of these aerial prey items.   
 In May, %N selectivity values for larval heptageniid mayflies, which represented 
2.12% of the drift, differed significantly among the five FSCs.  Selectivity by S0 
(1.16±.004) and S1 (1.07±.049; Figure 26) fish was significantly higher for larval 
heptageniid mayflies than B0 (0.992±.009; Figure 29) and C0 (0.983±.004; Figure 31) 
fish.  Larval heptageniid mayflies were not found in any of the B1 stomach samples.  
There were significant differences in selectivity values for oligochaetes; pupal and adult 
chironomid midges; adult mayflies; larval leptophlebiid mayflies; steelhead trout eggs; 
and larval polycentropodid caddisflies among the three habitat strata (Kruskal-Wallis, 
p<0.05).  Selectivity for adult mayflies was higher in the low gradient habitat (1.38±.075) 
than the high gradient (1.03±.018) and no sampled fish ate adult mayflies in the beaver 





habitat (1.07±.032) than the beaver ponds (0.989±.013). Steelhead trout eggs had higher 
selectivity values in the high gradient habitat (1.12±.051) since no sampled fish ate them 
in the low gradient or beaver pond habitats.  Chironomid midge pupae and adults had 
higher selectivity values in the beaver pond habitat (1.07±.030 and 1.08±.057 
respectively) than the high (0.986±.012 and 0.953±.004 respectively) or low gradient 
habitats (0.981±.008 and 0.936±.005 respectively).  Selectivity for oligochaetes was 
higher in the high gradient (1.05±.041) than the low gradient where no sampled fish 
consumed them.  
In June, there was a significant difference in the %N selectivity among the five 
FSC for both larval baetid and larval heptageniid mayflies, which represented 14.26% 
and 1.62% by %N of the drift, respectively.    Selectivity for larval baetid mayflies was 
significantly higher in S0 (0.958±.082; Figure 32) and S1 (0.950±.032; Figure 33) fish 
than C0 (0.877±.015; Figure 31) fish and B0 mean selectivity (0.957±.012; Figure 29) was 
higher than S1.  No larval baetid mayflies were consumed by B1 fish.  Selectivity for 
larval heptageniid mayflies in June was significantly higher in S0 (1.13±.066; Figure 32) 
and S1 (1.11±.035; Figure 33) fish than B0 (0.992±.008; Figure 29) or B1 (1.04±.050; 
Figure 30) fish, while C0 fish did not eat any larval heptageniid mayflies. When 
comparing the selectivity values among the three habitats there were significant 
differences for larval hydropsychid caddisflies, adult caddisflies and larval leptophlebiid 
mayflies (Kruskal-Wallis, p<0.05).  Selectivity for larval leptophlebiid mayflies was 
significantly higher in the low gradient (0.975±.007) and beaver pond habitats 





habitat. Adult caddisflies also had higher selectivity in the low gradient (1.04±.017) and 
beaver pond (1.07±.041) habitats than the high gradient habitat 0.999±.002).  Larval 
hydropsychid caddisflies had higher selectivity in the low gradient habitat (1.17±.039) 
than both the high gradient (1.08±.041) and beaver pond (1.01±.017) habitats.  
In July, there were significant differences in the selectivity for larval and pupal 
chironomid midges (10.76% and 12.48% of the drift respectively), larval baetid and 
heptageniid mayflies (25.33% and 0.24% of the drift respectively), and physid snails 
(0.14% of the drift) among the five FSCs.  C0 fish had a significantly higher selectivity 
index (1.29±.053; Figure 31) for larval chironomid midges than B1 fish (1.11±.056; 
Figure 30). No B0 fish consumed pupal chironomid midges in July, but all other FSCs 
did.  S0 (1.37±.091; Figure 32) and S1 (1.01±.087; Figure 33) fish showed significantly 
higher selectivity of larval baetid mayflies than B1 (0.834±.061) or C0 (0.821±.026) fish 
and B0 (0.839±.060; Figure 29) selectivity for larval baetid mayflies was higher than B1 
fish.   Selectivity of larval heptageniid mayflies was significantly higher for S0 
(1.02±.019; Figure 32) and S1 (1.07±.034, Figure 33) fish since B0, B1 and C0 fish did not 
consume any larval heptageniid mayflies in July.  There was strong selectivity by B0 fish 
(1.23±.100, Figure 29) for physid snails in July.  B1 (1.05±.033; Figure 30) and S0 
(1.02±.019; Figure 32) fish also showed positive selectivity for physid snails in July, 
while C0 and S1 fish did not consume any physid snails.  There were significant 
differences in selectivity values among the three habitat strata for larval, pupal, and adult 
chironomid midges; larval baetid and heptageniid mayflies; adult mayflies; and physid 





selectivity values for larval, pupal and adult chironomid midges (1.26±.070, 0.994±.035, 
and 0.862±.013 respectively) that the other habitat strata.  The relatively low mean 
selectivity for adult chironomid midges may indicate that fish were actively avoiding 
them while foraging.  There were no adult chironomid midges consumed by fish in the 
beaver pond habitat.  Larval baetid and heptageniid mayflies had higher selectivity values 
in the high gradient habitat (1.07±.060 and 1.03±.013, respectively) and no larval 
heptageniid mayflies were consumed by sampled fish in the low gradient or beaver pond 
habitats.  Adult mayflies were not consumed by any sampled fish in the high gradient 
habitat and consequently had significantly lower selectivity than the low gradient 
(0.989±.008) and beaver pond (1.03±.050) habitats.  Selectivity for physid snails was 
higher in the beaver pond habitat (1.11±.046) than the high gradient (1.02±.015) habitat.  
No physid snails were consumed in the low gradient habitat strata. 
In August there were significant differences in selectivity for larval, pupal, and 
adult chironomid midges (12.82%, 12.90%, 14.06% of the drift respectively); larval 
baetid and heptageniid mayflies (16.63% and 1.32% of the drift respectively); physid 
snails (0.08% of the drift); and larval hydropsychid caddisflies (4.58%) among the five 
FSCs.  C0 fish showed strong selectivity (1.19±.049; Figure 31) for larval chironomid 
midges and was significantly higher than both B1 (1.01±.054; Figure 30) and S1 
(0.994±.030; Figure 33) fish.  B1 fish had significantly lower selectivity for larval 
chironomid midges than B0 (1.01±.054; Figure 29), C0 (1.19±.049) and S0 (1.09±.033; 
Figure 32) fish.  Selectivity for pupal chironomid midges in August was significantly 





(0.898±.011) fish also had higher selectivity for adult chironomid midges than B1 
(0.863±.003), S0 (0.871±.008) or S1 (.874±.012) fish.  Selectivity for larval baetid 
mayflies was significantly higher in S0 (1.19±.044) fish than any of the other FSCs.  No 
larval heptageniid mayflies were consumed by B0, B1 and C0 fish and selectivity by S0 
(0.993±.003) and S1 (1.00±.011) fish was not strong.  B0 fish shower stronger positive 
selection (1.19±.066) for physid snails than S0 (1.05±.029) fish in August. Selectivity for 
physid snails was significantly lower in C0 (1.03±.032) fish than B0, S0 (1.05±.029), or S1 
(1.08±.042) fish.  Selectivity differed among the three habitats for oligochaetes; larval 
and pupal chironomid midges; physid snails; larval polycentropodid and adult caddisflies 
(Kruskal-Wallis, p<0.05).  No oligochaetes were consumed by sampled fish in the beaver 
pond habitat.  Selectivity for physid snails was significantly higher in the beaver pond 
habitat (1.15±.040) than the high gradient habitat (1.03±.025). Selectivity in the high 
gradient habitat was significantly lower for larval (0.995±.028) and pupal (0.890±.007) 
chironomid midges than the low gradient habitat (1.16±.039 and 1.01±.036 respectively).  
Selectivity for larval chironomid midges in the beaver pond habitat (1.11±.035) was also 
higher than the high gradient habitat.  The selectivity for adult caddisflies was 
significantly higher in the high gradient habitat (1.07±.019) than the low gradient 
(1.00±.006) or beaver pond habitat (1.01±.010).  No larval polycentropodid caddisflies 
were consumed by sampled fish in the low gradient habitat. 
Selectivity values only differed significantly among the five FSCs for larval 
heptageniid mayflies and physid snails in September (1.68% and 0.00% of the drift 





than the drift and may indicate that fish are actively feeding from the bottom of the 
stream instead of from the water column.  C0 (0.952±.025; Figure 31) fish had 
significantly lower selectivity values for larval heptageniid mayflies than B0 (1.00±.004; 
Figure 29), B1 (1.02±.011; Figure 30), and S0 (1.08±.041; Figure 32) fish.  S1 fish showed 
strong positive selection (1.12±.078; Figure 33) for physid snails, significantly higher 
than all the smaller size classes; B0 (0.702±.117), C0 (1.04±.046), and S0 (1.00±.048) fish.  
While selection wasn’t as strong as S1 fish, S0 fish had higher selectivity for physid snails 
than B0 fish. There was no significant difference in the selectivity values among the three 
habitat strata for any prey categories in September. 
In October and November, selectivity values significantly differed among the five 
FSCs for physid snails and coho salmon fish eggs, a prey category only found in the late 
fall.  Both of the prey categories were most likely found in the benthos since neither was 
represented in any of the drift samples from October and November.  This could indicate 
fish switching to benthic feeding strategies rather than drift feeding in the fall.   
In October, B1 fish showed very strong positive selection (1.60±.095; Figure 30) 
for physid snails and were significantly higher than S0 (1.01±.010; Figure 32) or S1 
(1.11±.051; Figure 33) fish.  While the mean selectivity wasn’t as strong as B1 fish, B0 
had significantly higher selectivity values (1.31±.114; Figure 29) than S0 fish.  Selectivity 
for physid snails was significantly higher in the beaver pond habitat (1.40±.107) than the 
high gradient habitat (1.07±.035).  C0 fish did not consume any physid snails in October 
or November.  There were also significant differences in the selectivity among the three 





Selectivity for pupal chironomid midges was significantly higher in the beaver pond 
habitat (1.08±.050) than the low or high gradient since fish sampled did not consume any 
in either of those habitat strata.  Fish sampled showed low selectivity index values for 
larval leptophlebiid mayflies in all habitats, but the low gradient habitat (0.819±.008) was 
significantly higher than the other habitat strata.  In October, only B1 and S1 fish 
consumed coho salmon eggs.  S1 fish showed stronger positive selection (1.15±.070; 
Figure 33) than B1 fish (1.10±.077; Figure 30) for coho salmon eggs.  There was no 
difference in selectivity for coho salmon eggs among the three habitat strata. 
B1 fish were the only FSC to consume physid snails in November which may 
indicate that they were becoming rare in benthos.  Mean selectivity by B1 fish for physid 
snails was 1.04±.019 (Figure 30).  In November, selectivity was significantly higher for 
physid snails in the beaver pond habitat (1.02±.013) than both the low and high gradient 
habitat strata since no snails were consumed in either habitat.  In November, all five 
FSCs consumed coho salmon eggs and showed positive selection for them.  S0 fish 
(1.21±.059; Figure 32) had significantly higher selectivity values than C0 fish (1.02±.020; 
Figure 31), but S1 fish showed the strongest positive selection (1.27±.130; Figure 33) for 
coho salmon eggs of the five FSCs. The high gradient habitat (1.28±.063) had 
significantly higher selectivity for coho eggs than the low gradient (1.07±.040) or beaver 
pond habitat (1.05±.046) strata. There was also a significant difference in selectivity 
index values among the three habitat strata for adult caddisflies (Kruskal-Wallis, p<0.05), 
where values were significantly higher in the high gradient habitat (1.17±.047) than the 





In respect to prey availability in the drift, the top ten most common prey 
categories in the drift by %N included were examined using FSC, month and habitat.  
Larval, pupal, and adult chironomid midges; adult (non-chironomid) flies; larval simuliid 
flies; larval baetid and leptophlebiid mayflies; and larval hydropsychid, lepidostomatid, 
and philopotamid caddisflies were included in the analysis (Figure 39).   
Larval chironomid midges (X2 (4, n=572) = 16.542, p=<0.01), larval baetid 
mayflies (X2 (4,n=572) =49.878, p<0.001) and larval philopotamid caddisflies (X2 (4, 
n=572) =11.572, p<0.05) all had significantly different median selectivity values across 
the five FSCs.  C0 fish had significantly higher median selectivity values (median=0.938, 
range=0.726-1.890) for larval chironomid midges than B0, B1, S0 and S1 fish. C0 fish also 
had significantly higher median selectivity values (median=0.976, range=0.882-1.985) 
for larval philopotamid caddisflies than the B0 or S0 fish.  Median selectivity values were 
significantly higher for larval baetid mayfly selectivity in S0 fish (median=0.975, range= 
0.747-1.834) than any of the other FSCs.   
Median selectivity by fish for all ten of the most common prey categories 
available in the drift differed among the seven months (p<0.001).  Median selection 
values over 1.000, which showed active selection by fish for any of the prey categories, 
only occurred for larval chironomid midges in July (median=1.092, range=0.892-1.726) 
and August (median=1.038, range=0.872-1.872).  The rest of the months showed varying 
degrees of active avoidance of (median selectivity values <1.000) or random feeding on 
(median selectivity values at or close to 1.000) the most common prey categories found 





selectivity of fish for larval baetid mayflies showed active avoidance for all months, S0 
fish showed high median selectivity values for this prey category in July (median=1.372, 
range=0.747-1.747) and August (median=1.14, range=0.834-1.834).  This might indicate 
that either certain FSCs or individuals had relatively high selectivity values for the larval 
baetid mayflies, but most of the fish were either actively avoiding or showing no 
preference for that prey category.  The mean selectivity values (Figure 33), but not the 
median, by fish for larval hydropsychid caddisfly larvae showed active selection for the 
prey category in May (1.072±.016, median=0.983), June (1.096±.023, median=0.996), 
July (1.012±.008, median=0.994), September (1.104±.029, median=0.936), October 
(1.004±.029, median=0.967) and November (1.020±.020, median=0.931).   
Analysis of selectivity values of the most common prey categories found in the 
drift by habitat using Median tests showed significant differences in the median 
selectivity values among the three habitat strata for pupal chironomid midges (p<0.05), 
larval baetid mayflies (p<0.005) and larval philopotamid caddisflies (p≤0.001).  The 
median selectivity by fish for pupal chironomid midges in the low gradient habitat 
(median=0.972, range=0.835-1.660) was higher (p<0.01) than the high gradient habitat 
strata (median=0.939, range=0.835-1.305).  Median selectivity by fish for larval baetid 
mayfly larvae was significantly higher (p<0.005) in the high gradient habitat 
(median=0.948, range=0.747-1.834) than the beaver pond habitat strata (median=0.940, 
range=0.747-1.440).  Fish in the high gradient habitat also had significantly higher 





caddisfly larvae than the low gradient (median=0.967, range=0.882-1.985) or the beaver 
pond habitat strata (median=0.947, range=0.882-1.191).   
Discussion 
 
 Both diet overlap and selectivity indices suggest a current lack of diet-related 
interspecific competition among the three target species.  When native and non-native 
fishes occur sympatrically, one of the possible outcomes of interspecific interactions 
among the species is niche differentiation.  Coho salmon and steelhead trout have been 
present in the Great Lakes since the mid 1960’s (Mills et al. 1993) and my data suggest 
that these species have engaged in niche differentiation in Sevenmile Creek since the 
arrival of the non-native species without complete exclusion of the native brook trout 
from the study area.  The competitive exclusion principle (Hardin 1960, Weber 1999, 
Bohn et al. 2008) may not be applicable to the study area in the traditional sense since 
forage and habitat were not likely limiting resources in Sevenmile Creek, but this is 
difficult to confirm without historical data.  Although foraging behavior was not directly 
observed in this study, it appears that brook trout in this study may have been able to 
modify their niche due to the availability of alternative habitat and forage resources, 
similar to the response of Dolly Varden (Salvelinus malma) in the presence of another 
intraguild salmonid, white-spotted charr (Salvelinus leucomaenis), in Japanese streams 
(Nakano et al. 1999).  Mookerji et al. (2004) also found evidence of dietary niche 
differentiation in stream-dwelling brook trout in Quebec.  They found that diet 
composition of allopatric brook trout included more readily available aquatic 





salar) consumed higher proportions of terrestrial invertebrates and my study showed 
similar patterns.  In my study, plasticity in the foraging behavior of the brook trout or the 
non-native salmonids may have also contributed to the lack of evidence for diet-related 
interspecific competition as illustrated in Eloranta et al. (2011).  Streams are inherently 
stochastic environments with constant fluctuations in both environmental and biotic 
conditions at both spatial and temporal scales (Minshall et al. 1985, Statzner et al.1988).  
These changing conditions may allow for establishment of new realized niches for the 
three target species, decreasing the diet-related interspecific competitive interactions 
amongst brook trout, coho salmon and steelhead trout similar to the Alternative Stable 
States (ASS) theory discussed in Hansen et al. (2013).  Available forage, fish density, 
water temperature and velocity fluctuate widely during the year in small stream systems 
(Jackson et al. 2001), and consequently the three target species may also exhibit temporal 
variability in niche occupation.  The longitudinal distribution of the salmonids in 
Sevenmile Creek (brook trout primarily in the upper reaches, steelhead trout and coho 
salmon in the lower reaches) suggests habitat-based niche differentiation through reduced 
interference competition for habitat between the native and non-native fishes. If this is the 
case, then the current conditions in the system may reflect earlier competitive interactions 
among these species that resolved into a new equilibrium. 
Available forage 
 
There are seasonal differences in the availability of drifting organisms to stream 
fish (Allan 1981, Pope and Willis 1996, Lagarrigue et al. 2002, Allan et al. 2003, Hansen 





and autochthonous inputs (Svendsen et al. 2004), local drift abundance, richness, and 
taxonomic composition often changes with the season (Brittain and Eikeland 1988, 
Boyero et al. 2005).  In summer, when standing biomass and productivity of the aquatic 
and riparian habitats are at their highest (Moser and Minshall 1996), drift rates often 
reach their maximum level (Schrieber 1995, Rincón and Lobón-Cerviá 1997).  
Conversely, when productivity of the stream and riparian habitat is at the lowest during 
the winter, drift rates also tend to reach their observed minimum (Shearer et al. 2002). A 
study of Baetis mayflies in Minnesota showed that drift rates were significantly higher in 
summer than winter, but drift occurred all year with significant production of Baetis in 
the winter (Waters 1966).  In my study, water velocities peaked between June and August 
and observed drift rates also peaked during those months.  Almost 30% of all the prey 
items identified in stomach content samples were consumed in August, but this can be 
attributed to the larger sample size of fish during that month. The mean number of prey 
individuals/stomach peaked in May (15.59±3.26) and decreased by 33% in July and 
14.3% in August despite the increase in flow and available forage in the drift.  This 
finding was not expected because foraging rates are typically positively correlated with 
drift rates. The amount of terrestrial prey items consumed in May was higher than all 
other months which may explain the discrepancy because those terrestrial items were not 
well represented in the drift samples and suggests the importance of terrestrial forage to 
all fish in Sevenmile Creek.  
Taxa that typically constitute the majority of drift in temperate regions include 





In this study, similar taxa were observed, but with a distinct dearth of Plecoptera.  Benke 
et al. (1991) also found that Megaloptera, Diptera, Crustacea, and Coleoptera can 
contribute significantly to the drift in certain areas. I found dipteran chironomid midges 
represented in the top five most common prey categories in the drift by both abundance 
(%N) and biomass (%W), but megalopterans, crustaceans and coleopterans were 
relatively rare in drift samples.  This could result from the passive nature of sampling 
drift with anchored nets which can be avoided by highly mobile taxa.  Additionally, 
within insect families (and genera and species) there can be great differences in drift rates 
(Rader 1997, Svendsen et al. 2004) making taxonomic identification at the lowest 
possible level important.  These differences may be correlated with swimming activity 
more than habitat preference (Otto and Sjostrom 1986) and may explain differences in 
drift rates of certain taxa observed in various field studies (Svendsen et al 2004).  I used 
family as the most common lowest taxonomic identifier and may have missed patterns 
that could have been elucidated with higher taxonomic resolution due to wide raging 
mobility among taxa within a single family (Rader 1997). 
 Aquatic insect taxa found in the drift can differ from the benthic community 
(Muller 1954, Shearer et al. 2002).  Rader (1997) created a functional classification of 95 
taxa based on their propensity to drift, likelihood of accidental drift, size, and abundance 
and other characteristics.  Prey categories that were only found in the drift in Sevenmile 
Creek and not the stomach samples included larval staphylinid beetles; larval caenid and 
ephemerid mayflies; haplotrematid and viviparid snails; adult moths and dragonflies.  





Sevenmile Creek, but they were one of the most common food items found in stomach 
samples.  Other prey categories found in the diet, but not the drift, included fish eggs and 
several coleopteran and dipteran taxa.  This may reflect the low relative abundance of 
these prey categories in the drift samples and possibly indicate high selectivity for them 
by fish, which would reduce the time and distance they are entrained in the drift before 
being consumed.  Alternatively, these prey categories may not be common in the drift 
and would only be encountered by fish using surface or benthic forage strategies.  
Benthic forage was an important food source for the fish sampled in Sevenmile Creek.  
Further investigation is needed on the importance of benthic food subsidies since they 
constituted a large part of the diets of certain FSCs, but were not represented in the drift 
samples.  Physid snails were one of the top five prey categories by %N for B0, B1 and S1 
fish.  Fish eggs were also an important benthic prey item.  Coho salmon eggs were only 
found in the top five most common prey categories by %N for S1 fish, but they were in 
the top five prey categories by %W for all five FSCs due to their large biomass.  These 
results may indicate that some FSCs were using benthic foraging strategies instead of the 
drift and that this use was temporally variable. 
Seasonal patterns of allochthonous input from terrestrial invertebrates can also 
impact drift composition and can provide important forage for drift feeding fish, 
especially in the summer months (Baxter et al. 2005).   In my study, drift organisms were 
not classified as allochthonous or autochthonous, but rather by the preferred habitat of the 
life stage when they were found in the drift or fish stomach.  This was an important 





different prey life stages (Piccolo et al. 2014).  The highest proportion of terrestrial/aerial 
drift organisms in this study occurred during the summer months (26.81% in July and 
22.53% in August).  Despite the prevalence of terrestrial prey items available during 
these months, 43.2% of all terrestrial prey items in stomach samples were consumed in 
May while only 10.43% and 23.66% were consumed in July and August, respectively.  
While the seasonal availability of terrestrial subsidies did not parallel the importance in 
the fishes diet, they may still have provided additional forage that allowed the three 
species to coexist and establish realized niches. 
There were also differences in the drift available depending on the habitat.  The 
number of drifting organisms increases linearly with an increase in the water velocity 
(Everest and Chapman 1972). Ward and Stanford (1979 and 1983) found that different 
taxa have different responses to change in flow.  Mayflies, simuliid flies, some 
caddisflies and stoneflies have low tolerance to decreased flow while chironomid midges 
were tolerant to changes in flow (Rader and Belish 1999), possibly due to their relatively 
small size.  The beaver pond habitat had lower mean velocity than the low or high 
gradient habitat strata and was consequently dominated by sand and silt substrate.  The 
low flow coupled with homogenous stream bed habitat may explain the lower prey 
category richness found in the drift in the beaver pond habitat. 
Diet analysis 
 
Diet overlap, based on either abundance or biomass, was typically highest 





between individuals of different species (e.g. B1C0, B1S0, C0S0).  These results likely 
indicate niche differentiation and low diet-related interspecific interactions (Arismendi et 
al. 2012) and support the importance of intraspecific interactions among the fishes.  Coho 
salmon and steelhead may demonstrate diet-based niche differentiation as suggested by 
the large number (427) of zero overlap cases between C0 and S0 fish and the relatively 
low mean diet overlap by %W (0.09±0.008) between C0 and S1 fish.  Coho salmon diet 
by %N was dominated by dipterans (chironomid midges and empidid flies) while 
steelhead trout diet by N% had higher proportions of mayflies, caddisflies and coho 
salmon eggs (when seasonally available).  Chironomid midges are often found in slower 
moving water (Merritt and Cummins 1996) and have a low propensity to drift (Rader 
1997) supporting the supposition that coho salmon were using pools within the high and 
low gradient habitat and employing benthic foraging strategies.  Larval baetid mayflies 
are often found in faster moving water (Merritt and Cummins 1996) and are active 
swimmers with a high propensity to drift (Rader 1997), suggesting that steelhead trout 
were utilizing habitat with faster moving water (riffles) and employing drift-feeding 
strategies which fits with previous literature on their feeding behavior (Everest and 
Chapman 1972, Bisson et al. 1988, Behnke and Tomelleri 2002 , Grubb Jr. 2003, 
Delaney 2005).   
Selectivity indices helped to explain the mechanisms that may shape the patterns 
observed in diet overlap index values.  Selectivity can be analyzed in two ways: 
calculating the central tendency of selectivity values of each of the FSCs for all prey 





FSCs.  Analyzing the selectivity of each of the FSCs can show the “choosiness” of the 
size class of fish, but it proved challenging in this study.  Prey items that might appear 
rare, since they were not found in the drift, might have actually been plentiful in the 
benthos. Because there were several common prey items (e.g., fish eggs and snails) that 
were not well represented in the drift samples (available forage), this approach would 
have misrepresented “choosiness” because the fish were most likely using a forage 
strategy other than drift feeding, such as benthic feeding.  Because the available forage 
from the benthos was not quantified in this study, analysis based on FSCs was not 
performed.  Instead, I focused on important prey categories: the most common prey items 
of each of the five FSCs and those that were the most common in the drift samples.  
These factors relate to the two variables used to calculate Strauss’ (1979) selectivity 
index: ri (the proportion of a prey item in the diet) and pi (the proportion of a prey item in 
the environment, i.e., the drift). These two approaches accounted for differences in 
foraging behavior among the five FSCs and the importance of abundant prey items in the 
drift.   
Selectivity indices of the most common prey categories available in the drift 
showed that fish were often actively avoiding or randomly feeding on abundant prey 
categories.  However, some FSCs also actively pursued these abundant prey categories.  
For example, C0 showed strong positive selection for abundant larval chironomid midges 
while the other FSCs exhibited negative selection against them.  S0 fish actively pursued 
abundant baetid mayfly larvae in the summer when the other FSCs avoided them.  The 





particular prey categories or that those FSCs were outcompeting other FSC for the same 
prey categories.  Analysis of the selectivity indices of the most common drift and diet 
prey items among the five FSCs by month and habitat showed seasonal and spatial 
variation in foraging.  Data indicated that some FSCs were eating prey categories that 
were plentiful in the habitats at a given time, but abundance did not seem to predict 
importance of a prey category in the diet of all FSCs.  This suggests that prey category 
preference is not solely based on availability. 
Habitat use and fish distribution  
 
According to the river continuum concept (RCC) (Vannote et al. 1980), upstream 
reaches are typically characterized by steep gradients, faster-moving water, limited 
photosynthesis, increased allochthonous input and coarse particulate organic matter 
(CPOM >1mm), increased macroinvertebrate densities, and cooler water temperature due 
to increased groundwater input; all conditions that favor higher densities of cold-water 
fish species. The environmental and biotic conditions of Sevenmile Creek seem to 
contradict the RCC.  In Sevenmile Creek, the upstream reaches are dominated by beaver 
ponds which can provide deeper, cooler pools in some areas, but also warmer, shallower 
areas due to the reduction of riparian vegetation increasing direct solar radiation at the 
water surface (Johnson and Jones 2000).    Although some studies have found that brook 
trout tend to be found further upstream in cooler water than other sympatric salmonids 
(Gard 1961, Krueger and May 1991), the increase in water temperatures due to beaver 
ponds can be detrimental for salmonids in streams of the Eastern United States (Collen 





lower densities near the mouth of rivers, perhaps due to the presence of non-native 
salmonids (Cross 2013).  The brook trout in Sevenmile Creek may have been excluded 
from the lower reaches (dominated by faster-moving water and increased riffle habitats) 
and pushed into the upstream reaches (dominated by slower–moving water and pool 
habitats).   However, there is data to suggest that brook trout prefer pool habitat 
(Sotiropoulos et al. 2006, Öhlund et al. 2008, Ficke 2009).  
In Sevenmile Creek, brook trout density was significantly higher in the upstream, 
beaver pond habitat than either steelhead trout or coho salmon, possibly indicating niche 
differentiation based on habitat use.  Larson and Moore (1985) found an increase in the 
concentration of brook trout in upstream reaches when steelhead trout were also present 
in the stream.  Some researchers (Avery 1991, McRae and Edwards 1994) believe that 
beaver activity on streams that support salmonids could be detrimental due to the 
warming of the coldwater habitat preferred by these fish, but McRae and Edwards (1994) 
found that beaver activity in streams did not have a relationship to downstream warming.  
Sevenmile Creek receives a relatively large amount of groundwater input which may 
keep the water in the beaver pond habitat cool (Rybczynski 2005) and there was no 
significant difference in water temperature among the three habitat strata measured 
during this study.   Alternatively, the high brook trout density in the beaver ponds might 
reflect their preference for deep pools (Becker 1983, Collen and Gibson 2001) and have 
no connection to the presence of the non-native salmonids.  Collen and Gibson (2001) 
found that beaver ponds can provide better habitat for larger trout, provide refugia from 





and Gibson (2001) also noted that benefits of beaver ponds to brook trout can decrease 
with the age of the dam.  Newly constructed dams contained more adult brook trout than 
streams, but fewer juveniles.  They also noted that the deterioration of a beaver dam in 
Michigan resulted in decreased numbers of fish caught during recreational fishing and the 
dam was manually restored.  In Sevenmile Creek, there were several active beaver dams, 
with at least one constructed during the 2010 season.  Other work associated with this 
project suggests that non-native salmonids may have excluded brook trout from high 
gradient habitat, but that brook trout also show preference for beaver pond areas 
suggesting that non-natives help confine brook trout to their preferred habitat while 
limiting their expansion elsewhere in the stream (Cross 2013, Gerbyshak 2015). It is also 
possible that the brook trout were formerly found in greater numbers in the pools found 
in the low and high gradient habitats that are now dominated by the non-natives.  The 
lower water velocities associated with pool habitats would provide high-quality foraging 
locations to the dominant fish (Gowen and Fausch 2002).  Temporal and spatial variation 
in the availability of broad habitat types (like those associated with beaver activity) may 
have been a selective pressure for increased plasticity in foraging behavior of fish that 
had shared evolutionary history with beavers (Angers et al. 1999). 
While the substrate in the beaver ponds of Sevenmile Creek showed a higher 
degree of homogeneity than the low or high gradient habitats, it had a higher proportion 
of large woody debris (LWD).  In Michigan’s Au Sable River, increased densities of fish 
have been observed in habitats with high proportions of LWD because its presence can 





Nuhfer 2007).  Interestingly, Zorn and Nuhfer (2007) suggested that increased fish 
density in areas with higher proportions of LWD can lead to decreased condition of the 
fish due to limited forage.  This may have been the case with brook trout in the beaver 
ponds, where Wr was the lowest among the three habitat strata.  It is unclear if the brook 
trout suffered from being crowded in beaver pond habitat by the presence of larger, more 
dominant non-natives in the stream or if the low Wr was linked to other conditions in the 
stream. 
In streams that have active beaver populations, the resulting fluctuation of 
environmental conditions could potentially require continuous movement of individuals 
(fish and prey) and require repeated periods of niche differentiation amongst FSCs.  
Cross (2013) studied the in-stream movement of brook trout in Sevenmile using the same 
experimental reaches as this study and found that over 48% of the brook trout in 
Sevenmile Creek moved more than 150m from their original capture location (OCL) and 
27% moved more than 1000m.  The three habitat strata used in my study ranged from 
600-750 meters long which would indicate that approximately ¼ of tagged brook trout 
were moving between at least two of the habitat areas.  Movement of these brook trout 
was not related to CPUE, total length (TL), Wr, or K; but the relative abundance of 
conspecific fish at a given OCL was associated with the frequency of mobile fish with the 
same reach (Cross 2013).  This may indicate that within-stream movement of brook trout 
is density-driven.  Cross (2013) also reported that movement of individuals was not 
solely linked to spawning behaviors as the fish in his study moved throughout the ice-out 





individuals in Sevenmile Creek.  Gowen and Fausch (2002) reported that within-stream 
movement of dominant brook trout may be linked to seasonal variation in optimal 
locations due to fluctuating environmental conditions and forage resources.  My study 
provided evidence of within-FSC behavioral plasticity in foraging behaviors based on the 
preferred habitat of the life stage of the prey items that were consumed.  These findings 
combine to illustrate the inherent complexity of relationships among the fish, prey 
organisms, beavers, and abiotic factors in Sevenmile Creek.  Further investigation into 
the diurnal, seasonal or annual migration of fish is also warranted as it may indicate 
differences in site fidelity among the size classes of the target species.   
 Steelhead trout and coho salmon were found in greater densities in the low and 
high gradient habitat.  Bisson et al. (1988) observed steelhead trout showing affinity for 
faster moving water associated with shallow riffles, while Gard (1961) and Gard and 
Flittner (1974) observed coho salmon preferring deeper pools with slower moving water.  
In Sevenmile Creek, this pattern was observed for the steelhead trout, but the coho 
salmon density did not differ among the two habitat strata.  This may indicate that coho 
salmon were basing their habitat preferences on a microhabitat scale (occupying small 
pools found within the low or high gradient habitats), because their densities were not 
higher in the beaver pond habitat.  This may also provide evidence for habitat-based 
niche differentiation among the non-native salmonids. Young (2004) observed larger 
coho salmon juveniles displacing steelhead trout in mutually preferred habitats and this 





that is dominated by riffles than the low gradient habitat that had a relatively higher 
proportion of pools (the preferred habitat of coho salmon).   
Very few studies have studied the interactions among species, age classes, season 
and habitat (Carlson et al. 2007), most likely due to the logistical challenges of such a 
comprehensive field study.  Growth rate was not directly measured for any of the 
sampled fish in this study, but condition factor (KTL) and relative weight (Wr) were 
calculated.  Because salmonids aggressively defend feeding territories and the dominance 
hierarchy is based in part of the size of the individual (Fausch and White 1981), species 
of fish and individuals with higher growth rates are expected to occupy the best feeding 
positions.  This, in turn, creates a positive feedback-loop.  The fish with the fastest 
growth rate have the largest size-at-age and will occupy the best feeding position 
acquiring more prey and in turn increasing subsequent growth rate (Fausch and White 
1981, Carlson et al. 2007).  In Sevenmile Creek, S1 fish had the highest condition factor 
of the five FSCs and, when you only compare the three small FSCs, S0 fish also had the 
highest condition which may indicate that steelhead trout occupy the top position in 
interspecific dominance hierarchies.  Within non-native species, S0 and S1 fish had the 
highest mean condition factor in the high gradient habitat while C0 fish had the highest 
mean condition in the low gradient habitat providing further evidence to support niche 









In conclusion, my study suggests that niche differentiation has occurred among 
the three target species in this system.  This was supported by the low diet overlap index 
values between interspecific pairings of FSCs, longitudinal organization of the three 
species among the three habitat strata, and differences in the selectivity values for the 
most common prey items in the drift and diet among the FSCs. Some of these findings 
may be attributed to the stochastic nature of stream habitat and forage resource 
availability.  Plasticity in foraging behavior was also likely a driving force behind the 
ability of the fishes to establish realized niches.  This process is most likely repeated 
frequently due to the changing environmental and biotic factors influenced by beaver 
activity in Sevenmile Creek. Brook trout may have preferred beaver pond habitat in 
Sevenmile Creek before the arrival of non-native salmonids, but interspecific competition 
may have caused them to be excluded from pool microhabitats in the lower reaches of the 
stream, thus limiting their overall available habitat.  This study provides evidence of the 
ability of native brook trout to persist in the presence of non-native Pacific salmonids in 
Great Lakes tributaries, but highlights that this coexistence is not without potential costs 






















Prey size categories- based on the mass of individual organisms found in the drift or stomach contents   
Category 1 2 3 4 5 
Defined as: <0.01mg 0.01-0.1mg 0.1-1.0mg 1-10mg >10mg 
Prey source categories- based on  the prey organism's preferred habitat at the time of 
capture     
Category 1 2 3    
Defined as: aquatic terrestrial both     
Prey occurance categories- based on the type of samples in which the organism was found 
in     
Category 1 2 3    
Defined as: drift only diet only both     
Prey fullness categories- a ratio of the total biomass of the prey items found in the stomach and the biomass of the fish 
Category 1 2 3 4 5 
Defined as: 0 <0.0001 0.0001-0.001 0.001-0.01 0.01-0.20 



















Range Habitat log10 Ws Source 
Salvelinus fontinalis ≥120mm all -5.186 + 3.103 (log10 Total Length) Hyatt & Huber 2001 
Onchorhynchus mykiss ≥120mm lotic -5.023 + 3.024 (log10 Total Length) 





900mm all -5.19 + 3.11 (log10 Total Length) Trudel et al 2005 

































High Gradient Low Gradient Beaver Pond
Count 37 125 277 439
% within Habitat 7.37% 31.25% 54.64% 31.2%
Count 71 119 123 313
% within Habitat 14.14% 29.75% 24.26% 22.2%
Count 55 36 14 105
% within Habitat 10.96% 9.00% 2.76% 7.5%
Count 176 43 16 235
% within Habitat 35.06% 10.75% 3.16% 16.7%
Count 120 24 7 151
% within Habitat 23.90% 6.00% 1.38% 10.7%
Count 8 5 4 17
% within Habitat 1.59% 1.25% 0.79% 1.2%
Count 1 0 1 2
% within Habitat 0.20% 0.00% 0.20% .1%
Count 34 48 65 147
% within Habitat 6.77% 12.00% 12.82% 10.4%
Count 502 400 507 1409













Table 3: Results of crosstabulation (CROSSTABS) analysis of the stream bed 
substrate types in each of the three habitat strata. Pearson Chi-square tests 
showed that the distribution of the substrate type significant differed among 









May Jun Jul Aug Sep Oct Nov
Count 7 7 14 8 6 3 7 52
% w /in preysize 13.46% 13.46% 26.92% 15.38% 11.54% 5.77% 13.46% 100.0%
% w /in month 0.99% 0.54% 0.67% 0.62% 0.72% 0.74% 1.73% .7%
% of Total 0.10% 0.10% 0.20% 0.11% 0.09% 0.04% 0.10% .7%
Count 279 613 1066 562 263 116 168 3067
% w /in preysize 9.10% 19.99% 34.76% 18.32% 8.58% 3.78% 5.48% 100.0%
% w /in month 39.46% 47.26% 50.76% 43.67% 31.57% 28.43% 41.58% 43.6%
% of Total 3.97% 8.71% 15.15% 7.99% 3.74% 1.65% 2.39% 43.6%
Count 363 521 945 632 483 232 194 3370
% w /in preysize 10.77% 15.46% 28.04% 18.75% 14.33% 6.88% 5.76% 100.0%
% w /in month 51.34% 40.17% 45.00% 49.11% 57.98% 56.86% 48.02% 47.9%
% of Total 5.16% 7.40% 13.43% 8.98% 6.86% 3.30% 2.76% 47.9%
Count 51 150 73 80 75 54 35 518
% w /in preysize 9.85% 28.96% 14.09% 15.44% 14.48% 10.42% 6.76% 100.0%
% w /in month 7.21% 11.57% 3.48% 6.22% 9.00% 13.24% 8.66% 7.4%
% of Total 0.72% 2.13% 1.04% 1.14% 1.07% 0.77% 0.50% 7.4%
Count 7 6 2 5 6 3 0 29
% w /in preysize 24.14% 20.69% 6.90% 17.24% 20.69% 10.34% 0.00% 100.0%
% w /in month 0.99% 0.46% 0.10% 0.39% 0.72% 0.74% 0.00% .4%
% of Total 0.10% 0.09% 0.03% 0.07% 0.09% 0.04% 0.00% .4%
Count 707 1297 2100 1287 833 408 404 7036
% w /in preysize 10.05% 18.43% 29.85% 18.29% 11.84% 5.80% 5.74% 100.0%
% w /in month 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%
















Table 4: Results of crosstabulation (CROSSTABS) analysis of the five prey size 
categories found in the drift during each of the seven months of the study.  Pearson 
Chi-square tests showed that the distribution of the prey size categories significantly 
































High gradient Low gradient Beaver pond
Count 16 14 22 52
% w/in preysize 30.77% 26.92% 42.31% 100.0%
% w/in habitat 0.55% 0.63% 1.17% .7%
% of Total 0.23% 0.20% 0.31% .7%
Count 1178 987 902 3067
% w/in preysize 38.41% 32.18% 29.41% 100.0%
% w/in habitat 40.31% 44.10% 48.08% 43.6%
% of Total 16.74% 14.03% 12.82% 43.6%
Count 1434 1078 858 3370
% w/in preysize 42.55% 31.99% 25.46% 100.0%
% w/in habitat 49.08% 48.17% 45.74% 47.9%
% of Total 20.38% 15.32% 12.19% 47.9%
Count 277 152 89 518
% w/in preysize 53.47% 29.34% 17.18% 100.0%
% w/in habitat 9.48% 6.79% 4.74% 7.4%
% of Total 3.94% 2.16% 1.26% 7.4%
Count 17 7 5 29
% w/in preysize 58.62% 24.14% 17.24% 100.0%
% w/in habitat 0.58% 0.31% 0.27% .4%
% of Total 0.24% 0.10% 0.07% .4%
Count 2922 2238 1876 7036
%w/in preysize 41.53% 31.81% 26.66% 100.0%
% w/in habitat 100.00% 100.00% 100.00% 100.0%






0.01-    
0.1 mg
0.1-      
1.0 mg
1.0-    
10.0 mg
>10.0 mg
Table 5: Results of crosstabulation (CROSSTABS) analysis of the five prey 
size categories found in the drift in each of the three habitat strata.  
Pearson Chi-square tests showed that the distribution of the prey size 
categories significantly differed among the three habitat strata (X2 (8, 






B0 B1 C0 S0 S1 Total
May Total 3 2 1 0 0 6
High gradient 2 1 1 - - 4
Low gradient 1 1 - - - 2
Beaver pond - - - - - -
Jun Total 0 4 2 0 0 6
High gradient - 2 2 - - 4
Low gradient - - - - - -
Beaver pond - 2 - - - 2
Jul Total 0 7 0 0 1 8
High gradient - 1 - - - 1
Low gradient - 4 - - 1 5
Beaver pond - 2 - - - 2
Aug Total 2 4 1 0 0 7
High gradient - - 1 - - 1
Low gradient 1 2 - - - 3
Beaver pond 1 2 - - - 3
Sep Total 2 5 8 5 3 23
High gradient - 1 2 3 2 8
Low gradient - 2 3 2 - 7
Beaver pond 2 2 3 - 1 8
Oct Total 0 0 3 0 0 3
High gradient - - 2 - - 2
Low gradient - - - - - -
Beaver pond - - 1 - - 1
Nov Total 2 3 9 2 2 18
High gradient - - 3 - - 3
Low gradient 1 1 6 2 2 12
Beaver pond 1 2 - - - 3
TOTAL Total 11 25 24 12 6 78
High gradient 2 5 11 3 2 23
Low gradient 3 10 9 4 3 29
Beaver pond 4 10 4 0 1 19
Table 6: Total number of empty stomachs found in each of the five FSCs, three 






# of individuals/stomach Biomass of individuals/stomach Prey category richness
Species FSC mean SE median min max mean SE median min max mean SE median min max
BKT 7.20 0.79 4.00 0.00 107.00 54.98 13.80 3.85 0.00 2115.20 3.99 0.19 3.00 0.00 15.00
B0 5.76 0.57 5.00 0.00 26.00 45.55 15.52 2.85 0.00 902.00 4.10 0.28 4.00 0.00 11.00
B1 8.01 1.19 4.00 0.00 107.00 60.27 19.73 6.06 0.00 2115.20 3.93 0.25 3.00 0.00 15.00
COH 10.39 1.32 5.00 0.00 137.00 14.50 4.30 2.97 0.00 538.49 4.62 0.25 4.00 0.00 14.00
C0 10.39 1.32 5.00 0.00 137.00 14.50 4.30 2.97 0.00 538.49 4.62 0.25 4.00 0.00 14.00
STH 11.59 1.12 6.00 0.00 201.00 112.42 33.88 6.77 0.00 5671.09 5.32 0.02 5.00 0.00 18.00
S0 12.45 1.68 6.00 0.00 201.00 33.85 7.13 4.23 0.00 506.00 5.20 0.25 5.00 0.00 18.00
S1 10.22 1.13 6.00 0.00 63.00 237.64 85.86 17.88 0.00 5671.09 5.51 0.35 5.00 0.00 18.00
Total 9.71 0.62 5.00 0.00 201.00 75.27 15.86 4.25 0.00 5671.09 4.67 0.12 4.00 0.00 18.00
Analyses Mann Whitney U Mann Whitney U Mann Whitney U
BKT<STH (U=21637.5, Z=-4.701, p=0.000) BKT>COH (U=16237.5, Z=-2.329, p=0.020) BKT<COH (U=16567.5, Z=-2.068, p=0.039)
COH<STH (U=17847, Z=-2.074, p=0.038) BKT<STH (U=25276.5, Z=-2.295, p=0.022) BKT<STH (U=21644, Z=-4.743, p=0.000)
B0<S0 (U=4834, Z=-3.033, p=0.002) STH>COH (U=14615, Z=-4.806, p=0.000) B0<S0 (U=5094, Z=-2.535, p=0.011)
B0<S1 (U=3018, Z=-2.801, p=0.005) B0<S1 (U=2474, Z=-4.369, p=0.00) B0<S1 (U=2989, Z=-2.913, p=0.004)
B1<S0 (U=8474.5, Z=-3.782, p=0.000) B1>C0 (U=9727, Z=-2.954, p=0.003) B1<C0 (U=10412.5, Z=-2.126, p=0.033)
B1<S1 (U=5311, Z=-3.338, p=0.001) B1<S1 (U=5654, Z= -2.695, p=0.007) B1<S0 (U=8487, Z=-3.806, p=0.000)
C0<S0 (U=10222, Z=-2.770, p=0.006) B1<S1 (U=5073.5, Z=3.829, p=0.000)
C0<S1 (U=4392.5, Z=-5.998, P=0.000)
S0<S1 (U=5248, Z=-3.789, p=0.000)
Table 7: Mean, SE, median and range of the number of individual prey items/stomach, biomass of individual prey items/stomach and the 
prey category richness of sampled stomach contents by species and FSC.  Mann Whitney U analyses (α=0.05) shows significant differences 











# of individuals/stomach Biomass (mg) of individuals/stomach Prey category richness
Month mean SE median min max mean SE median min max mean SE median min max
May 15.59 3.26 8.50 0.00 201.00 76.31 21.50 15.23 0.00 902.00 5.78 0.35 5.00 2.00 18.00
Jun 11.20 2.24 5.00 0.00 107.00 42.07 15.49 9.60 0.00 991.35 5.92 0.48 5.00 2.00 18.00
Jul 10.32 2.04 6.00 0.00 137.00 7.88 2.65 2.50 0.00 202.56 4.62 0.25 5.00 2.00 11.00
Aug 13.36 1.04 9.00 0.00 58.00 11.24 1.98 3.48 0.00 162.74 6.16 0.27 6.00 2.00 15.00
Sep 3.49 0.38 2.00 0.00 19.00 24.34 15.90 1.27 0.00 1775.90 3.45 0.17 3.00 2.00 11.00
Oct 9.29 1.31 5.00 0.00 63.00 196.38 96.52 9.97 0.00 5671.09 4.63 0.27 4.00 2.00 12.00
Nov 6.19 1.11 3.00 0.00 92.00 147.81 45.61 7.18 0.00 3531.70 3.85 0.22 3.00 2.00 13.00
Total 9.71 0.62 5.00 0.00 201.00 75.27 15.86 4.25 0.00 5671.09 4.88 0.11 4.00 0.00 18.00
Table 8: Mean, SE, median and range of the number of individual prey items/stomach, biomass of individual prey items/stomach and the 
prey category richness of sampled stomach contents by month.  Mann Whitney U analyses (α=0.05) that shows significant differences 





Table 9: Mann Whitney U analyses (α=0.05) that shows significant differences between the number of individual prey items/stomach, 
biomass of prey items/stomach and prey category richness/stomach of fish sampled during each month among pairwise combinations of 
each month. 
 Mann Whitney U test for differences in the number of prey items/stomach between months




Aug U=3329.5, Z=-2.763, p=0.006 U=4029.5, Z=-2.985, p=0.003
Sep U=1962, Z=-6.297, p=0.000 U=2157, Z=-4.542, p=0.000 U=2522.5, Z=-5.083, p=0.000 U=2936.5, Z=-8.295, p=0.000
Oct U=3698, Z=-3.239, p=0.001 U=2350, Z=-5.130, p=0.000
Nov U=2329.5, Z=-4.484, p=0.000 U=2428, Z=-2.838, p=0.005 U=2859, Z=-3.27, p=0.001 U=3534, Z=-6.339, p=0.000 U=4775, Z=-1.978, p=0.048 U=2789, Z=-2.997, p=0.003
Mann Whitney U test for difference in biomass of prey items/stomach between months
May Jun Jul Aug Sep Oct
May
Jun
Jul U=1538, Z=-5.242, p=0.000 U=1666, Z=-3.624, p=0.000
Aug U=3226, Z=-4.473, p=0.000 U=3355, Z=-2.694, p=0.007
Sep U=2098, Z= -5.905, p=0.000 U=2152, Z=-4.538, P=0.000 U=5493.5, Z=-3.700, p=0.000
Oct U=1623.5, Z=-4.841, p=0.000 U=3379, Z=-3.990, p=0.000 U=2106.5, Z=-5.779, p=0.000
Nov U=2925, Z=-3.073, p=0.002 U=5656, Z=-2.240, p=0.025 U=3800, Z=-4.417, p=0.000
Mann Whitney U test for differences in prey category richness/stomach between months
May Jun Jul Aug Sep Oct
May
Jun
Jul U=2364.5, Z=-2.298, p=0.022
Aug U=3810, Z=-3.504, p=0.000
Sep U=2156.5, Z=-5.784, p=0.000 U=2141, Z=-4.610, p=0.000 U=2955, Z=-3.948, p=0.000 U=3380.5, Z=-7.526, p=0.000
Oct U=2211, Z=-2.398, p=0.016 U=3572, Z=-3.555, p=0.000 U=2665.5, Z=-4.282, p=0.000















Table 10: Mean, SE, median and range of the number of individual prey items/stomach, biomass of prey items/stomach and prey category 
richness/stomach of all stomach samples collected during study period.  Mann Whitney U analyses (α=0.05) showed no significant 
differences between the number of individual prey items/stomach, biomass of prey items/stomach and prey category richness/stomach of 
fish sampled in each habitat strata among pairwise combinations of each habitat. 
 # of individuals/stomach Biomass of individuals/stomach Prey category richness
Habitat mean SE median min max mean SE median min max mean SE median min max
High gradient 7.50 0.54 5.00 0.00 48.00 117.77 28.98 5.12 0.00 4189.34 4.80 0.19 4.00 0.00 18.00
Low Gradient 11.14 1.17 5.00 0.00 137.00 53.49 26.36 4.19 0.00 5671.09 5.09 0.21 4.00 0.00 16.00
Beaver pond 10.88 1.51 6.00 0.00 201.00 17.27 3.41 3.77 0.00 504.00 4.76 0.18 4.00 0.00 13.00














Table 11: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five prey size categories by species. Pearson Chi-square analysis 
found that the distribution of the five prey size categories significantly differed among the 
three species of salmonids (X2 (8 n=6245) =767.185, p<0.001). 
<0.01mg 0.01-0.1mg 0.1-1.0mg 1.0-10mg >10mg
Count 17 268 595 664 120 1664
Expected Count 24.8 450.6 639.5 439.6 109.5 1664.0
% within species 1.02% 16.11% 35.76% 39.90% 7.21% 100.0%
% within preysize 18.28% 15.85% 24.79% 40.24% 29.20% 26.6%
% of Total 0.27% 4.29% 9.53% 10.63% 1.92% 26.6%
Count 32 832 531 277 22 1694
Expected Count 25.2 458.7 651.0 447.6 111.5 1694.0
% within species 1.89% 49.11% 31.35% 16.35% 1.30% 100.0%
% within preysize 34.41% 49.20% 22.13% 16.79% 5.35% 27.1%
% of Total 0.51% 13.32% 8.50% 4.44% 0.35% 27.1%
Count 44 591 1274 709 269 2887
Expected Count 43.0 781.7 1109.5 762.8 190.0 2887.0
% within species 1.52% 20.47% 44.13% 24.56% 9.32% 100.0%
% within preysize 47.31% 34.95% 53.08% 42.97% 65.45% 46.2%
% of Total 0.70% 9.46% 20.40% 11.35% 4.31% 46.2%
Count 93 1691 2400 1650 411 6245
Expected Count 93.0 1691.0 2400.0 1650.0 411.0 6245.0
% within species 1.49% 27.08% 38.43% 26.42% 6.58% 100.0%
% within preysize 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%













Table 12: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five prey size categories by FSC. Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
five FSCs of salmonids (X2 (16, n=6245) =1464.119, p<0.001). 
<0.01mg 0.01-0.1mg 0.1-1.0mg 1.0-10mg >10mg
Count 11 94 213 119 41 478
Expected Count 7.1 129.4 183.7 126.3 31.5 478.0
% within FSC 2.30% 19.67% 44.56% 24.90% 8.58% 100.00%
% within preysize 11.83% 5.56% 8.88% 7.21% 9.98% 7.65%
% of Total 0.18% 1.51% 3.41% 1.91% 0.66% 7.65%
Count 6 174 382 545 79 1186
Expected Count 17.7 321.1 455.8 313.4 78.1 1186.0
% within FSC 0.51% 14.67% 32.21% 45.95% 6.66% 100.00%
% within preysize 6.45% 10.29% 15.92% 33.03% 19.22% 18.99%
% of Total 0.10% 2.79% 6.12% 8.73% 1.27% 18.99%
Count 32 832 531 277 22 1694
Expected Count 25.2 458.7 651.0 447.6 111.5 1694.0
% within FSC 1.89% 49.11% 31.35% 16.35% 1.30% 100.00%
% within preysize 34.41% 49.20% 22.13% 16.79% 5.35% 27.13%
% of Total 0.51% 13.32% 8.50% 4.44% 0.35% 27.13%
Count 38 476 979 370 42 1905
Expected Count 28.4 515.8 732.1 503.3 125.4 1905.0
% within FSC 1.99% 24.99% 51.39% 19.42% 2.20% 100.00%
% within preysize 40.86% 28.15% 40.79% 22.42% 10.22% 30.50%
% of Total 0.61% 7.62% 15.68% 5.92% 0.67% 30.50%
Count 6 115 295 339 227 982
Expected Count 14.6 265.9 377.4 259.5 64.6 982.0
% within FSC 0.61% 11.71% 30.04% 34.52% 23.12% 100.00%
% within preysize 6.45% 6.80% 12.29% 20.55% 55.23% 15.72%
% of Total 0.10% 1.84% 4.72% 5.43% 3.63% 15.72%
Count 93 1691 2400 1650 411 6245
Expected Count 93.0 1691.0 2400.0 1650.0 411.0 6245.0
% within FSC 1.5% 27.1% 38.4% 26.4% 6.6% 100.0%
% within preysize 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%













Table 13: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five prey size categories by month. Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
seven months of the study period (X2 (24, n=6245) =1560.665, p<0.001). 
<0.01mg 0.01-0.1mg 0.1-1.0mg 1.0-10mg >10mg
Count 5 144 544 430 62 1185
Expected Count 17.6 320.9 455.4 313.1 78.0 1185.0
% within month 0.42% 12.15% 45.91% 36.29% 5.23% 100.0%
% within preysize 5.38% 8.52% 22.67% 26.06% 15.09% 19.0%
% of Total 0.08% 2.31% 8.71% 6.89% 0.99% 19.0%
Count 13 167 272 239 37 728
Expected Count 10.8 197.1 279.8 192.3 47.9 728.0
% within month 1.79% 22.94% 37.36% 32.83% 5.08% 100.0%
% within preysize 13.98% 9.88% 11.33% 14.48% 9.00% 11.7%
% of Total 0.21% 2.67% 4.36% 3.83% 0.59% 11.7%
Count 22 455 207 126 5 815
Expected Count 12.1 220.7 313.2 215.3 53.6 815.0
% within month 2.70% 55.83% 25.40% 15.46% 0.61% 100.0%
% within preysize 23.66% 26.91% 8.63% 7.64% 1.22% 13.1%
% of Total 0.35% 7.29% 3.31% 2.02% 0.08% 13.1%
Count 41 755 726 262 20 1804
Expected Count 26.9 488.5 693.3 476.6 118.7 1804.0
% within month 2.27% 41.85% 40.24% 14.52% 1.11% 100.0%
% within preysize 44.09% 44.65% 30.25% 15.88% 4.87% 28.9%
% of Total 0.66% 12.09% 11.63% 4.20% 0.32% 28.9%
Count 9 51 159 152 20 391
Expected Count 5.8 105.9 150.3 103.3 25.7 391.0
% within month 2.30% 13.04% 40.66% 38.87% 5.12% 100.0%
% within preysize 9.68% 3.02% 6.63% 9.21% 4.87% 6.3%
% of Total 0.14% 0.82% 2.55% 2.43% 0.32% 6.3%
Count 2 81 215 268 131 697
Expected Count 10.4 188.7 267.9 184.2 45.9 697.0
% within month 0.29% 11.62% 30.85% 38.45% 18.79% 100.0%
% within preysize 2.15% 4.79% 8.96% 16.24% 31.87% 11.2%
% of Total 0.03% 1.30% 3.44% 4.29% 2.10% 11.2%
Count 1 38 277 173 136 625
Expected Count 9.3 169.2 240.2 165.1 41.1 625.0
% within month 0.16% 6.08% 44.32% 27.68% 21.76% 100.0%
% within preysize 1.08% 2.25% 11.54% 10.48% 33.09% 10.0%
% of Total 0.02% 0.61% 4.44% 2.77% 2.18% 10.0%
Count 93 1691 2400 1650 411 6245
Expected Count 93.0 1691.0 2400.0 1650.0 411.0 6245.0
% within month 1.49% 27.08% 38.43% 26.42% 6.58% 100.0%
% within preysize 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%























Table 14: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five prey size categories by habitat strata. Pearson Chi-square 
analysis showed that the distribution of the five prey size categories significantly differed 
among the three habitat strata (X2 (8, n=6245) =308.542, p<0.001). 
<0.01mg 0.01-0.1mg 0.1-1.0mg 1.0-10mg >10mg
Count 31 324 722 481 234 1792
Expected Count 26.7 485.2 688.7 473.5 117.9 1792.0
% within habitat 1.7% 18.1% 40.3% 26.8% 13.1% 100.0%
% within preysize 33.3% 19.2% 30.1% 29.2% 56.9% 28.7%
% of Total .5% 5.2% 11.6% 7.7% 3.7% 28.7%
Count 32 790 791 697 129 2439
Expected Count 36.3 660.4 937.3 644.4 160.5 2439.0
% within habitat 1.3% 32.4% 32.4% 28.6% 5.3% 100.0%
% within preysize 34.4% 46.7% 33.0% 42.2% 31.4% 39.1%
% of Total .5% 12.7% 12.7% 11.2% 2.1% 39.1%
Count 30 577 887 472 48 2014
Expected Count 30.0 545.3 774.0 532.1 132.5 2014.0
% within habitat 1.5% 28.6% 44.0% 23.4% 2.4% 100.0%
% within preysize 32.3% 34.1% 37.0% 28.6% 11.7% 32.2%
% of Total .5% 9.2% 14.2% 7.6% .8% 32.2%
Count 93 1691 2400 1650 411 6245
Expected Count 93.0 1691.0 2400.0 1650.0 411.0 6245.0
% within habitat 1.5% 27.1% 38.4% 26.4% 6.6% 100.0%
% within preysize 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%


































Table 15: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the three prey source categories by species. Pearson Chi-square 
analysis showed that the distribution of the five prey size categories significantly differed 
among the three habitat strata (X2 (4, n=6245) =20.5057, p<0.001). 
aquatic terrestrial both
Count 1318 311 35 1664
Expected Count 1269.9 362.6 31.4 1664.0
% within species 79.21% 18.69% 2.10% 100.0%
% within source 27.65% 22.85% 29.66% 26.6%
% of Total 21.10% 4.98% 0.56% 26.6%
Count 1246 408 40 1694
Expected Count 1292.8 369.2 32.0 1694.0
% within species 73.55% 24.09% 2.36% 100.0%
% within source 26.14% 29.98% 33.90% 27.1%
% of Total 19.95% 6.53% 0.64% 27.1%
Count 2202 642 43 2887
Expected Count 2203.3 629.2 54.6 2887.0
% within species 76.27% 22.24% 1.49% 100.0%
% within source 46.20% 47.17% 36.44% 46.2%
% of Total 35.26% 10.28% 0.69% 46.2%
Count 4766 1361 118 6245
Expected Count 4766.0 1361.0 118.0 6245.0
% within species 76.32% 21.79% 1.89% 100.0%
% within source 100.00% 100.00% 100.00% 100.0%


































Table 16: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the three prey source categories by FSC. Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
five FSCs (X2 (8, n=6245) =24.339, p<0.005). 
aquatic terrestrial both
Count 390 76 12 478
Expected Count 364.8 104.2 9.0 478.0
% within FSC 81.59% 15.90% 2.51% 100.0%
% within source 8.18% 5.58% 10.17% 7.7%
% of Total 6.24% 1.22% 0.19% 7.7%
Count 928 235 23 1186
Expected Count 905.1 258.5 22.4 1186.0
% within FSC 78.25% 19.81% 1.94% 100.0%
% within source 19.47% 17.27% 19.49% 19.0%
% of Total 14.86% 3.76% 0.37% 19.0%
Count 1246 408 40 1694
Expected Count 1292.8 369.2 32.0 1694.0
% within FSC 73.55% 24.09% 2.36% 100.0%
% within source 26.14% 29.98% 33.90% 27.1%
% of Total 19.95% 6.53% 0.64% 27.1%
Count 1446 428 31 1905
Expected Count 1453.8 415.2 36.0 1905.0
% within FSC 75.91% 22.47% 1.63% 100.0%
% within source 30.34% 31.45% 26.27% 30.5%
% of Total 23.15% 6.85% 0.50% 30.5%
Count 756 214 12 982
Expected Count 749.4 214.0 18.6 982.0
% within FSC 76.99% 21.79% 1.22% 100.0%
% within source 15.86% 15.72% 10.17% 15.7%
% of Total 12.11% 3.43% 0.19% 15.7%
Count 4766 1361 118 6245
Expected Count 4766.0 1361.0 118.0 6245.0
% within FSC 76.32% 21.79% 1.89% 100.0%
% within source 100.00% 100.00% 100.00% 100.0%




































Table 17: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the three prey source categories by month. Pearson Chi-square 
analysis showed that the distribution of the five prey size categories significantly differed 
among the seven months (X2 (12, n=6245) =806.086, p<0.001). 
aquatic terrestrial both
Count 579 588 18 1185
Expected Count 904.4 258.3 22.4 1185.0
% within month 48.86% 49.62% 1.52% 100.0%
% within source 12.15% 43.20% 15.25% 19.0%
% of Total 9.27% 9.42% 0.29% 19.0%
Count 544 156 28 728
Expected Count 555.6 158.7 13.8 728.0
% within month 74.73% 21.43% 3.85% 100.0%
% within source 11.41% 11.46% 23.73% 11.7%
% of Total 8.71% 2.50% 0.45% 11.7%
Count 664 142 9 815
Expected Count 622.0 177.6 15.4 815.0
% within month 81.47% 17.42% 1.10% 100.0%
% within source 13.93% 10.43% 7.63% 13.1%
% of Total 10.63% 2.27% 0.14% 13.1%
Count 1434 322 48 1804
Expected Count 1376.8 393.2 34.1 1804.0
% within month 79.49% 17.85% 2.66% 100.0%
% within source 30.09% 23.66% 40.68% 28.9%
% of Total 22.96% 5.16% 0.77% 28.9%
Count 334 48 9 391
Expected Count 298.4 85.2 7.4 391.0
% within month 85.42% 12.28% 2.30% 100.0%
% within source 7.01% 3.53% 7.63% 6.3%
% of Total 5.35% 0.77% 0.14% 6.3%
Count 678 18 1 697
Expected Count 531.9 151.9 13.2 697.0
% within month 97.27% 2.58% 0.14% 100.0%
% within source 14.23% 1.32% 0.85% 11.2%
% of Total 10.86% 0.29% 0.02% 11.2%
Count 533 87 5 625
Expected Count 477.0 136.2 11.8 625.0
% within month 85.28% 13.92% 0.80% 100.0%
% within source 11.18% 6.39% 4.24% 10.0%
% of Total 8.53% 1.39% 0.08% 10.0%
Count 4766 1361 118 6245
Expected Count 4766.0 1361.0 118.0 6245.0
% within month 76.32% 21.79% 1.89% 100.0%
% within source 100.00% 100.00% 100.00% 100.0%







































Table 18: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the three prey source categories by habitat. Pearson Chi-square 
analysis showed that the distribution of the five prey size categories significantly differed 
among the three habitat strata (X2 (4, n=6245) =16.682, p<0.005). 
aquatic terrestrial both
Count 1391 357 44 1792
Expected Count 1367.6 390.5 33.9 1792.0
% within habitat 77.62% 19.92% 2.46% 100.0%
% within source 29.19% 26.23% 37.29% 28.7%
% of Total 22.27% 5.72% 0.70% 28.7%
Count 1888 513 38 2439
Expected Count 1861.4 531.5 46.1 2439.0
% within habitat 77.41% 21.03% 1.56% 100.0%
% within source 39.61% 37.69% 32.20% 39.1%
% of Total 30.23% 8.21% 0.61% 39.1%
Count 1487 491 36 2014
Expected Count 1537.0 438.9 38.1 2014.0
% within habitat 73.83% 24.38% 1.79% 100.0%
% within source 31.20% 36.08% 30.51% 32.2%
% of Total 23.81% 7.86% 0.58% 32.2%
Count 4766 1361 118 6245
Expected Count 4766.0 1361.0 118.0 6245.0
% within habitat 76.32% 21.79% 1.89% 100.0%
% within source 100.00% 100.00% 100.00% 100.0%




















Table 19: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five life stage categories by species. Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
three species (X2 (8, n=6245) =638.516, p<0.001). 
Larval Pupal Adult Fish egg Fish
Count 879 42 696 42 5 1664
Expected Count 955.8 105.5 532.1 68.5 2.1 1664.0
% within species 52.82% 2.52% 41.83% 2.52% 0.30% 100.0%
% within lifestage 24.51% 10.61% 34.85% 16.34% 62.50% 26.6%
% of Total 14.08% 0.67% 11.14% 0.67% 0.08% 26.6%
Count 903 288 489 11 3 1694
Expected Count 973.0 107.4 541.7 69.7 2.2 1694.0
% within species 53.31% 17.00% 28.87% 0.65% 0.18% 100.0%
% within lifestage 25.17% 72.73% 24.49% 4.28% 37.50% 27.1%
% of Total 14.46% 4.61% 7.83% 0.18% 0.05% 27.1%
Count 1805 66 812 204 0 2887
Expected Count 1658.2 183.1 923.2 118.8 3.7 2887.0
% within species 62.52% 2.29% 28.13% 7.07% 0.00% 100.0%
% within lifestage 50.32% 16.67% 40.66% 79.38% 0.00% 46.2%
% of Total 28.90% 1.06% 13.00% 3.27% 0.00% 46.2%
Count 3587 396 1997 257 8 6245
Expected Count 3587.0 396.0 1997.0 257.0 8.0 6245.0
% within species 57.44% 6.34% 31.98% 4.12% 0.13% 100.0%
% within lifestage 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%



































Table 20: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five life stage categories by FSC Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
five FSCs (X2 (16, n=6245) =1154.111, p<0.001). 
Larval Pupal Adult Fish egg Fish
Count 269 17 156 36 0 478
Expected Count 274.6 30.3 152.9 19.7 .6 478.0
% within FSC 56.28% 3.56% 32.64% 7.53% 0.00% 100.0%
% within lifestage 7.50% 4.29% 7.81% 14.01% 0.00% 7.7%
% of Total 4.31% 0.27% 2.50% 0.58% 0.00% 7.7%
Count 610 25 540 6 5 1186
Expected Count 681.2 75.2 379.3 48.8 1.5 1186.0
% within FSC 51.43% 2.11% 45.53% 0.51% 0.42% 100.0%
% within lifestage 17.01% 6.31% 27.04% 2.33% 62.50% 19.0%
% of Total 9.77% 0.40% 8.65% 0.10% 0.08% 19.0%
Count 903 288 489 11 3 1694
Expected Count 973.0 107.4 541.7 69.7 2.2 1694.0
% within FSC 53.31% 17.00% 28.87% 0.65% 0.18% 100.0%
% within lifestage 25.17% 72.73% 24.49% 4.28% 37.50% 27.1%
% of Total 14.46% 4.61% 7.83% 0.18% 0.05% 27.1%
Count 1326 46 501 32 0 1905
Expected Count 1094.2 120.8 609.2 78.4 2.4 1905.0
% within FSC 69.61% 2.41% 26.30% 1.68% 0.00% 100.0%
% within lifestage 36.97% 11.62% 25.09% 12.45% 0.00% 30.5%
% of Total 21.23% 0.74% 8.02% 0.51% 0.00% 30.5%
Count 479 20 311 172 0 982
Expected Count 564.0 62.3 314.0 40.4 1.3 982.0
% within FSC 48.78% 2.04% 31.67% 17.52% 0.00% 100.0%
% within lifestage 13.35% 5.05% 15.57% 66.93% 0.00% 15.7%
% of Total 7.67% 0.32% 4.98% 2.75% 0.00% 15.7%
Count 3587 396 1997 257 8 6245
Expected Count 3587.0 396.0 1997.0 257.0 8.0 6245.0
% within FSC 57.44% 6.34% 31.98% 4.12% 0.13% 100.0%
% within lifestage 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%





































Table 21: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five life stage categories by month.  Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
seven months (X2 (24, n=6245) =1090.099, p<0.001). 
Larval Pupal Adult Fish egg Fish
Count 445 63 620 57 0 1185
Expected Count 680.6 75.1 378.9 48.8 1.5 1185.0
% within month 37.55% 5.32% 52.32% 4.81% 0.00% 100.0%
% within lifestage 12.41% 15.91% 31.05% 22.18% 0.00% 19.0%
% of Total 7.13% 1.01% 9.93% 0.91% 0.00% 19.0%
Count 493 24 204 3 4 728
Expected Count 418.1 46.2 232.8 30.0 .9 728.0
% within month 67.72% 3.30% 28.02% 0.41% 0.55% 100.0%
% within lifestage 13.74% 6.06% 10.22% 1.17% 50.00% 11.7%
% of Total 7.89% 0.38% 3.27% 0.05% 0.06% 11.7%
Count 553 100 161 0 1 815
Expected Count 468.1 51.7 260.6 33.5 1.0 815.0
% within month 67.85% 12.27% 19.75% 0.00% 0.12% 100.0%
% within lifestage 15.42% 25.25% 8.06% 0.00% 12.50% 13.1%
% of Total 8.86% 1.60% 2.58% 0.00% 0.02% 13.1%
Count 1165 178 461 0 0 1804
Expected Count 1036.2 114.4 576.9 74.2 2.3 1804.0
% within month 64.58% 9.87% 25.55% 0.00% 0.00% 100.0%
% within lifestage 32.48% 44.95% 23.08% 0.00% 0.00% 28.9%
% of Total 18.65% 2.85% 7.38% 0.00% 0.00% 28.9%
Count 241 5 144 0 1 391
Expected Count 224.6 24.8 125.0 16.1 .5 391.0
% within month 61.64% 1.28% 36.83% 0.00% 0.26% 100.0%
% within lifestage 6.72% 1.26% 7.21% 0.00% 12.50% 6.3%
% of Total 3.86% 0.08% 2.31% 0.00% 0.02% 6.3%
Count 335 26 248 86 2 697
Expected Count 400.3 44.2 222.9 28.7 .9 697.0
% within month 48.06% 3.73% 35.58% 12.34% 0.29% 100.0%
% within lifestage 9.34% 6.57% 12.42% 33.46% 25.00% 11.2%
% of Total 5.36% 0.42% 3.97% 1.38% 0.03% 11.2%
Count 355 0 159 111 0 625
Expected Count 359.0 39.6 199.9 25.7 .8 625.0
% within month 56.80% 0.00% 25.44% 17.76% 0.00% 100.0%
% within lifestage 9.90% 0.00% 7.96% 43.19% 0.00% 10.0%
% of Total 5.68% 0.00% 2.55% 1.78% 0.00% 10.0%
Count 3587 396 1997 257 8 6245
Expected Count 3587.0 396.0 1997.0 257.0 8.0 6245.0
% within month 57.44% 6.34% 31.98% 4.12% 0.13% 100.0%
% within lifestage 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%















Table 22: Results of crosstabulation (CROSSTABS) analyses of the distribution of prey items 
found in the diet into the five life stage categories by month.  Pearson Chi-square analysis 
showed that the distribution of the five prey size categories significantly differed among the 
seven months (X2 (8, n=6245) =489.748, p<0.001). 
Larval Pupal Adult Fish egg Fish
Count 1094 24 475 195 4 1792
Expected Count 1029.3 113.6 573.0 73.7 2.3 1792.0
% within habitat 61.05% 1.34% 26.51% 10.88% 0.22% 100.0%
% within lifestage 30.50% 6.06% 23.79% 75.88% 50.00% 28.7%
% of Total 17.52% 0.38% 7.61% 3.12% 0.06% 28.7%
Count 1403 249 725 58 4 2439
Expected Count 1400.9 154.7 779.9 100.4 3.1 2439.0
% within habitat 57.52% 10.21% 29.73% 2.38% 0.16% 100.0%
% within lifestage 39.11% 62.88% 36.30% 22.57% 50.00% 39.1%
% of Total 22.47% 3.99% 11.61% 0.93% 0.06% 39.1%
Count 1090 123 797 4 0 2014
Expected Count 1156.8 127.7 644.0 82.9 2.6 2014.0
% within habitat 54.12% 6.11% 39.57% 0.20% 0.00% 100.0%
% within lifestage 30.39% 31.06% 39.91% 1.56% 0.00% 32.2%
% of Total 17.45% 1.97% 12.76% 0.06% 0.00% 32.2%
Count 3587 396 1997 257 8 6245
Expected Count 3587.0 396.0 1997.0 257.0 8.0 6245.0
% within habitat 57.44% 6.34% 31.98% 4.12% 0.13% 100.0%
% within lifestage 100.00% 100.00% 100.00% 100.00% 100.00% 100.0%
















Figure 1: Map showing the location of Sevenmile Creek along Lake Superior in Beaver Basin Wilderness Area of Pictured 






















Figure 2: The sampling design used for Sevenmile Creek.  Habitat strata and reaches are shown in (A), drift sampling sites are 
shown in (B) and (C) shows generalized monthly sampling which included ≥ 2 Reaches/month/habitat type where ≤ 10 individuals 























































































Figure 4: Mean water (A) temperature, (B) pH, (C) conductivity, and (D) velocity with 
standard error bars for each of the three habitat strata by month.  Water temperature, 
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High gradient Low gradient Beaver pond
Figure 5: Proportion of substrate types for each of the three habitat strata based on Wolman pebble counts. Large 
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Figure 6: Mean prey category richness (A) and drift rate (B) with standard error bars for each of the three habitat 











































Figure 7: Kite diagrams A-E show the five most common drift prey categories by 
%N in the high gradient habitat strata.  The black shaded areas represent the %N 
present of the prey category over the sampling period (May-Nov). The percentage 
next to the prey category indicates the %N of the total prey items collected during 














































Figure 8: Kite diagrams A-E show the five most common drift prey categories by 
%N in the low gradient habitat strata.  The green shaded areas represent the 
%N present of the prey category over the sampling period (May-Nov). The 
percentage next to the prey category indicates the %N of the total prey items 















































Figure 9: Kite diagrams A-E show the five most common drift prey categories by 
%N in the beaver pond habitat strata.  The blue shaded areas represent the %N 
present of the prey category over the sampling period (May-Nov). The 
percentage next to the prey category indicates the %N of the total prey items 
















































Figure 10: Kite diagrams A-E show the five most common drift prey 
categories by %W in the high gradient habitat strata.  The black shaded areas 
represent the %W present of the prey category over the sampling period. The 
percentage next to the prey category indicates the %W of the total prey items 















































Figure 11: Kite diagrams A-E show the five most common drift prey categories 
by %W in the low gradient habitat strata. The green shaded area represents the 
%W present of the prey category over the sampling period. The percentage 
next to the prey category indicates the %W of the total prey items collected 















































Figure 12: Kite diagrams A-E show the five most common drift prey categories 
by %W in the beaver pond habitat strata.  The blue shaded area represents the 
%W present of the prey category over the sampling period. The percentage next 
to the prey category indicates the %W of the total prey items collected during the 











Figure 13: Histograms showing the distribution of drift organisms into the (A)  prey 
size categories (1=<0.01mg, 2=0.01-0.1mg, 3=0.1-1.0mg, 4=1-10mg, 5=>10mg), 
(B) life stage categories ((larval=1, pupa=2 adult=3, 4=egg, 5=fish), and (C) prey 
source categories (1=aquatic,2=terrestrial aerial, 3=both aquatic and terrestrial).  
A total of 7036 organisms were collected from the drift during the sampling period. 
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Figure 14: Total number of individuals of the three target species caught during sampling by month and habitat strata (1=high 
















































Figure 15: Median (A) and (B) mean CPUE (#of fish caught/m2) of all fish caught 
















































Figure 16: Mean Fulton’s Condition Factor (KTL) with standard error bars for each of 
the five FSCs in (A) high gradient, (B) low gradient, and (C) beaver pond habitats 
during the sampling period.  Fish caught in the high gradient habitat area in 
November were excluded due to inaccurate weights obtained from faulty 
equipment. Analysis using One-Way ANOVAs showed there was a significant 
difference in the mean condition factor for each of the five FSC among the three 
habitat strata; B0 (F=4.814, df=2, p<0.01), B1 (F=10.619, df=2, p<0.01), C0 












































Figure 17: Mean Relative Weight (Wr) with standard error bars for each of the 
three target species in (A) high gradient, (B) low gradient, and (C) beaver pond 
habitats during the sampling period.  Many fish were omitted due to the length 
restrictions in the Ws equations used in calculating Wr.  Higher values of Wr indicate 
greater plumpness.  Mean Wr values close to 100 theoretically indicate optimum 
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 Figure 18: Total number of individuals in each of the 5 FSC used for stomach content analysis by (A) habitat and (B) month. A 
































































Figure 19: Historical weather data from the Munising, MI NOAA Global Historical 
Climatology Network-Daily (GHCND) station USC00205690 showing (A) mean daily 
temperature, (B) total precipitation, and (C) # of days with >0.1 inches of rain for 
April-November 2010.  April data was included because it affected the conditions 
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Figure 20: Total number of individual prey items found in stomach samples in each of 
the five prey size categories by (A) FSC, (B) month, and (C) habitat strata.  Size 
categories are as follows: size 1= <0.01 mg, size 2=0.01-0.1 mg, size 3=0.1-1.0 mg, 
size 4=1-10 mg, size 5= >10 mg.  The number indicates the actual count of individuals 
in each prey size category.  For Mann-Whitney U analyses (p<0.05) of distribution of 






































































































Figure 21: Number of individual prey items found in stomach samples in each of the 
prey life stage categories by (A) FSC, (B) month, and (C) habitat strata.  Life stage 
categories include; larvae, pupae, adult, egg and fish. The number indicates the actual 
count of individuals in each prey size category.  For Mann-Whitney U analyses (p<0.05) 
of distribution of individuals/stomach for each of the five size categories among FSCs 










































































Figure 22: Number of individual prey items found in stomach samples in each of the 
prey source categories by (A) FSC, (B) month, and (C) habitat strata.  Source 
categories are as follows: 1= aquatic, 2=terrestrial/aerial, 3=both. The number indicates 
the actual count of individuals in each prey size category.  For Mann-Whitney U 
analyses (p<0.05) of distribution of individuals/stomach for each of the five size 
categories among FSCs see Tables 16-18.  
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 Figure 23: Mean number of individuals/stomach of the (A) five prey size categories (B) 

































































Figure 24: Histogram showing the number of zero diet overlap cases among the five 
fish size categories. Numbers indicate the actual count of zero overlap cases in each of 
the 15 pairwise comparisons.  The highest number of zero overlap cases occurred in 
the B1C0 (449) and B1S0 (434) pairings and the lowest number of zero overlap cases 
















































Figure 25: Mean diet overlap by %N and standard error bars among the five fish size 
















































Figure 26: Mean diet overlap by %W and standard error bars among the five fish size 





































Figure 27: Median diet overlap with standard error bar by A) %N and B) %W for all size 0 fish category pair combinations. Same 



























Figure 28: Median diet overlap with standard error bar by A) %N and B) %W for size 1 fish category pair combinations.  Asterisks 
indicate a significant difference (p<0.05) among the distributions of FSC comparisons (Mann-Whitney U; *n= 607, p=0.029, Z=-
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A- Larval chironomid midges
B- Physid snails
C- Larval hydropsychid caddisflies 
D- Larval baetid mayflies







































Figure 29: Top five most common prey categories by proportion of abundance (%N) for brook trout <120mm (FSC B0) fish 
compared to all other FSC. Graphs (A)-(E) use black lines to indicate the %N available in the drift while dark grey areas show the 
%N in the diet. (A) Larval chironomid midges 23.43% diet, 13.87% drift. (B) Physid snails 8.06% diet, 0.06% drift. (C) Larval 
hydropsychid caddisflies 5.22% diet, 3.18% drift. (D) Larval baetid mayflies 5.07% diet, 15.02% drift. (E) Larval polycentropodid 
































May Jun Jul Aug Sep Oct Nov
A- Physid snails
B- Larval chironomid midges
C- Larval leptophlebiid mayflies
D- Larval hydropsychid caddisflies







































Figure 30: Top five most common prey categories by proportion of abundance (%N) for brook trout ≥120mm (FSC B1) fish 
compared to all other FSC. Graphs (A)-(E) use black lines to indicate the %N available in the drift while red areas show the %N in 
the diet. (A) Physid snails 20.63% diet, 0.06% drift. (B) Larval chironomid midges 12.17% diet, 13.87% drift.  (C) Larval leptophlebiid 
mayflies 8.79% diet, 5.27% drift (D) Larval hydropsychid caddisflies 6.51% diet, 3.18% drift. (E) Larval polycentropodid caddisflies 








































A- Larval chironomid midges
B- Pupal chironomid midges
C- Adult chironomid midges
D- Adult caddisflies


























Figure 31: Top five most common prey categories by proportion of abundance (%N) for coho salmon <120mm (FSC C0) fish 
compared to all other FSC. Graphs (A)-(E) use black lines to indicate the %N available in the drift while green areas show the %N 
in the diet. (A) Larval chironomid midges 27.03% diet, 13.87% drift. (B) Pupal chironomid midges 16.10% diet, 10.15% drift.. (C) 
Adult chironomid midges 5.70% diet, 10.92% drift. (D) Adult caddisflies 4.41% diet, 0.91% drift. (E) Adult empidid flies 4.00% diet, 
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A- Larval baetid mayflies
B- Larval chironomid midges
C- Adult chironomid midges
D- Larval hydropsychid caddisflies







































Figure 32: Top five most common prey categories by proportion of abundance (%N) for steelhead trout <120mm (FSC S0) fish 
compared to all other FSC. Graphs (A)-(E) use black lines to indicate the %N available in the drift while yellow areas show the %N 
in the diet. (A) Larval baetid mayflies 24.76% diet, 15.02% drift. (B) Larval chironomid midges 10.68% diet, 13.87% drift.. (C) Adult 
chironomid midges 9.09% diet, 10.92% drift. (D) Larval hydropsychid caddisflies 6.47% diet, 3.18% drift. (E) Larval heptageniid 




























































May Jun Jul Aug Sep Oct Nov
A- Coho salmon (O. kisutch) eggs
B- Larval hydropsychid caddisflies
C- Adult mayflies
D- Physid snails









Figure 33: Top five most common prey categories by proportion of abundance (%N) for steelhead trout ≥120mm (FSC S1) fish 
compared to all other FSC. Graphs (A)-(E) use black lines to indicate the %N available in the drift while blue areas show the %N 
in the diet. (A) Coho salmon (O. kisutch) eggs 14.34% diet, 0% drift. (B) Larval hydropsychid caddisflies 8.63% diet, 3.18%. (C) 
Adult mayflies 7.22% diet, 1.44% drift. (D) Physid snails 7.22% diet, 0.06% drift (E) Larval baetid mayflies 5.92% diet, 15.02% 



































C- Sucker (C. catostomous) eggs
B- Coho (O. kisutch) eggs















































Figure 34: Top five most common prey categories by proportion of biomass (%W) for brook trout <120mm (FSC B0) fish compared 
to all other FSC. Black lines indicate the %W available in the drift while dark grey areas show the %W in the diet.  (A) Steelhead (O. 
mykiss) eggs 46.62% diet, 0% drift. (B) Coho (O. kisutch) eggs 21.23% diet, 0% drift. (C) Sucker (C. catostomous) eggs 16.89% 
diet, 4.43% drift. (D) Oligochaetes 3.63% diet, 1.19% drift. (E) Slugs 1.52% diet, 3.29% drift. Graphs (a)-(e) show the selectivity 















































B- Coho (O. kisutch) eggs
C- Oligochaete worms
D- Slugs



































Figure 35: Top five most common prey categories  by proportion of biomass (%W) for brook trout ≥120mm (FSC B1) fish compared 
to all other FSC. Graphs (A)-(E) use black lines indicate the %W available in the drift while red areas show the %W in the diet. (A) 
Physid snails 28.14% diet, 0.35% drift. (B) Coho salmon (O. kisutch) eggs 17.46% diet, 0% drift.  (C) Oligochaetes 9.59% diet, 
1.19% drift. (D) Slugs 8.69% diet, 3.29% drift. (E) Hydropsychid larvae 3.77% diet, 2.82% drift. Graphs (a)-(e) show the selectivity 
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A- Coho (O. kisutch) eggs
B- Sucker (C. catostomous) eggs
C- Oligochaete worms




































Figure 36: Top five most common prey categories by proportion of biomass (%W) for coho salmon <120mm (FSC C0) fish compared 
to all other FSC. Graphs (A)-(E) use black lines indicate the %W available in the drift while green areas show the %W in the diet. (A) 
Coho (O. kisutch) eggs 43.68% diet, 0% drift. (B) Longnose sucker (C. catostomous) eggs 9.48% diet, 4.43% drift. (C) Oligochaetes 
5.04% diet, 1.19% drift. (D) Hydropsychid larvae 4.65% diet, 2.82% drift. (E) Trichopteran adults 4.41% diet, 0.71% drift. Graphs 











































May Jun Jul Aug Sep Oct Nov
%
W
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Figure 37: Top five most common prey categories by proportion of biomass (%W) for steelhead trout <120mm (FSC S0) fish 
compared to all other FSC. Graphs (A)-(E) use black lines indicate the %W available in the drift while yellow areas show the %W in 
the diet. (A) Coho (O. kisutch) eggs 50.15% diet, 0% drift. (B) Steelhead (O. mykiss) eggs 24.17% diet, 0% drift. (C) Longnose 
sucker (C. catostomous) eggs 4.30% diet, 4.43% drift. (D) Hydropsychid larvae 2.64% diet, 2.82% drift. (E) Ephemeropteran adults 
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A- Coho (O.kisutch) eggs
B- Steelhead (O. mykiss) eggs




































Figure 38: Top five most common prey categories  by proportion of biomass (%W) for steelhead trout ≥120mm (FSC S1) fish 
compared to all other FSC. Graphs (A)-(E) use black lines indicate the %W available in the drift while blue areas show the %W in 
the diet. (A) Coho (O. kisutch) eggs 78.81% diet, 0% drift. (B) Steelhead (O. mykiss) eggs 7.17% diet, 0% drift. (C) Longnose 
sucker (C. catostomous) eggs 2.87% diet, 4.43% drift. (D) Physid snails 2.14% diet, 0.35% drift. (E) Oligochaetes 1.85% diet, 


















































Figure 39 : Mean selectivity with standard error bars of the top 10 most common prey 
categories in the drift by proportion of abundance (%N) for the five FSCs. (A) Larval baetid 
mayflies (B) Larval chironomid midges (C) Adult chironomid midges (D) Pupal chironomid 
















Figure 39 (continued) : Mean selectivity with standard error bars of the top 10 most common 
prey categories in the drift by proportion of abundance (%N) for the five FSCs. (F) Larval 
leptophlebiid mayflies (G) Larval lepidostomatid caddisflies (H) Larval philopotamid 
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TAXONOMIC CLASSIFICATION OF PREY CATEGORIES FOUND IN DRIFT AND STOMACH SAMPLES (OCCURRENCE CODES: 1= STOMACH 





Phylum Class Order Family Life 
stage 




Annelida Clitellata Hirudinea*  3 Hirudinea_hirudinea_3 subclass 3 
Annelida Clitellata Oligochaeta*  3 Annelida_oligochaeta_3 subclass 3 
Arthropoda Arachnida Acarina  3 Arachnida_hydrachnidia_3 order 3 
Arthropoda Arachnida Araneae  3 Arachnida_spider_3 order 3 
Arthropoda Arachnida Pseudoscorpionida  3 Arachnida_pseudoscorpionida_3 order 3 
Arthropoda Diplopoda   3 Diplopoda_diplopoda_3 class 1 
Arthropoda Entognatha Poduromorpha  3 Collembola_collembola_3 order 3 
Arthropoda Insecta Coleoptera Byrrhidae 3 Coleoptera_byrrhidae_3 family 1 
Arthropoda Insecta Coleoptera Carabidae 1 Coleoptera_carabidae_1 family 1 
Arthropoda Insecta Coleoptera Carabidae 3 Coleoptera_carabidae_3 family 1 
Arthropoda Insecta Coleoptera Cerambycidae 3 Coleoptera_cerambycidae_3 family 1 
Arthropoda Insecta Coleoptera Coccinellidae 1 Coleoptera_coccinellidae_1 family 1 
Arthropoda Insecta Coleoptera Curculionidae 3 Coleoptera_curculionidae_3 family 3 
Arthropoda Insecta Coleoptera Dytiscidae 1 Coleoptera_dytiscidae_1 family 3 
Arthropoda Insecta Coleoptera Dytiscidae 3 Coleoptera_dytiscidae_3 family 3 
130 
 
Phylum Class Order Family Life 
stage 




Arthropoda Insecta Coleoptera Elateridae 3 Coleoptera_elateridae_3 family 1 
Arthropoda Insecta Coleoptera Elmidae 1 Coleoptera_elmidae_1 family 3 
Arthropoda Insecta Coleoptera Elmidae 3 Coleoptera_elmidae_3 family 3 
Arthropoda Insecta Coleoptera Haliplidae 1 Coleoptera_haliplidae_1 family 1 
Arthropoda Insecta Coleoptera Haliplidae 3 Coleoptera_haliplidae_3 family 3 
Arthropoda Insecta Coleoptera Hydrophilidae 1 Coleoptera_hydrophilidae_1 family 1 
Arthropoda Insecta Coleoptera Hydrophilidae 3 Coleoptera_hydrophilidae_3 family 3 
Arthropoda Insecta Coleoptera Lucanidae 3 Coleoptera_lucanidae_3 family 1 
Arthropoda Insecta Coleoptera Pyrochoridae 3 Coleoptera_pyrochoridae_3 family 1 
Arthropoda Insecta Coleoptera Staphylinidae 1 Coleoptera_staphylinidae_1 family 2 
Arthropoda Insecta Coleoptera Staphylinidae 3 Coleoptera_staphylinidae_3 family 3 
Arthropoda Insecta Coleoptera  1 Coleoptera_coleoptera_1 order 3 
Arthropoda Insecta Coleoptera  3 Coleoptera_coleoptera_3 order 3 
Arthropoda Insecta Diptera Asilidae 3 Diptera_asilidae_3 family 1 
Arthropoda Insecta Diptera Athericidae 1 Diptera_athericidae_1 family 3 
Arthropoda Insecta Diptera Athericidae 2 Diptera_athericidae_2 family 1 
Arthropoda Insecta Diptera Bibionidae 3 Diptera_bibionidae_3 family 1 
Arthropoda Insecta Diptera Ceratopogonidae 1 Diptera_ceratopogonidae_1 family 3 
Arthropoda Insecta Diptera Ceratopogonidae 2 Diptera_ceratopogonidae_2 family 3 
Arthropoda Insecta Diptera Ceratopogonidae 3 Diptera_ceratopogonidae_3 family 1 
Arthropoda Insecta Diptera Chaoboridae 2 Diptera_chaoboridae_2 family 2 
Arthropoda Insecta Diptera Chironomidae 1 Diptera_chironomidae_1 family 3 
Arthropoda Insecta Diptera Chironomidae 2 Diptera_chironomidae_2 family 3 
Arthropoda Insecta Diptera Chironomidae 3 Diptera_chironomidae_3 family 3 
Arthropoda Insecta Diptera Culicidae 1 Diptera_culicidae_1 family 1 
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Phylum Class Order Family Life 
stage 




Arthropoda Insecta Diptera Culicidae 2 Diptera_culicidae_2 family 3 
Arthropoda Insecta Diptera Dixidae 1 Diptera_dixidae_1 family 1 
Arthropoda Insecta Diptera Dolichopodidae 3 Diptera_dolichopodidae_3 family 1 
Arthropoda Insecta Diptera Drosphilidae 3 Diptera_drosophilidae_3 family 2 
Arthropoda Insecta Diptera Empididae 1 Diptera_empididae_1 family 3 
Arthropoda Insecta Diptera Empididae 2 Diptera_empididae_2 family 3 
Arthropoda Insecta Diptera Empididae 3 Diptera_empididae_3 family 3 
Arthropoda Insecta Diptera Ephydridae 1 Diptera_ephydridae_1 family 1 
Arthropoda Insecta Diptera Ephydridae 3 Diptera_ephydridae_3 family 1 
Arthropoda Insecta Diptera Muscidae 3 Diptera_muscidae_3 family 1 
Arthropoda Insecta Diptera Mycetophilidae 3 Diptera_mycetophilidae_3 family 3 
Arthropoda Insecta Diptera Phoridae 3 Diptera_phoridae_3 family 3 
Arthropoda Insecta Diptera Psychodidae 1 Diptera_psychodidae_1 family 1 
Arthropoda Insecta Diptera Ptycopteridae 1 Diptera_ptycopteridae_1 family 3 
Arthropoda Insecta Diptera Sciomyzidae 1 Diptera_sciomyzidae_1 family 2 
Arthropoda Insecta Diptera Simuliidae 1 Diptera_simuliidae_1 family 3 
Arthropoda Insecta Diptera Simuliidae 2 Diptera_simuliidae_2 family 3 
Arthropoda Insecta Diptera Simuliidae 3 Diptera_simuliidae_3 family 3 
Arthropoda Insecta Diptera Syriphidae 3 Diptera_syriphidae_3 family 1 
Arthropoda Insecta Diptera Tabanidae 1 Diptera_tabanidae_1 family 3 
Arthropoda Insecta Diptera Tipulidae 1 Diptera_tipulidae_1 family 3 
Arthropoda Insecta Diptera Tipulidae 2 Diptera_tipulidae_2 family 3 
Arthropoda Insecta Diptera Tipulidae 3 Diptera_tipulidae_3 family 3 
Arthropoda Insecta Diptera  1 Diptera_diptera_1 order 3 
Arthropoda Insecta Diptera  2 Diptera_diptera_2 order 3 
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Phylum Class Order Family Life 
stage 




Arthropoda Insecta Diptera  3 Diptera_diptera_3 order 3 
Arthropoda Insecta Ephemeroptera Baetidae 1 Ephemeroptera_baetidae_1 family 3 
Arthropoda Insecta Ephemeroptera Baetidae 3 Ephemeroptera_baetidae_3 family 3 
Arthropoda Insecta Ephemeroptera Caenidae 1 Ephemeroptera_caenidae_1 family 2 
Arthropoda Insecta Ephemeroptera Ephemerellidae 1 Ephemeroptera_ephemerellidae_1 family 3 
Arthropoda Insecta Ephemeroptera Ephemerellidae 3 Ephemeroptera_ephemerellidae_3 family 1 
Arthropoda Insecta Ephemeroptera Ephemeridae 1 Ephemeroptera_ephemeridae_1 family 2 
Arthropoda Insecta Ephemeroptera Heptageniidae 1 Ephemeroptera_heptageniidae_1 family 3 
Arthropoda Insecta Ephemeroptera Leptophlebiidae 1 Ephemeroptera_leptophlebiidae_1 family 3 
Arthropoda Insecta Ephemeroptera  1 Ephemeroptera_ephemeroptera_1 order 1 
Arthropoda Insecta Ephemeroptera  3 Ephemeroptera_ephemeroptera_3 order 3 
Arthropoda Insecta Hemiptera Acanthsomatidae 3 Hemiptera_acanthsomatidae_3 family 1 
Arthropoda Insecta Hemiptera Aphididae 3 Hemiptera_aphididae_3 family 3 
Arthropoda Insecta Hemiptera Cercopidae 3 Hemiptera_cercopidae_3 family 1 
Arthropoda Insecta Hemiptera Cicadellidae 3 Hemiptera_cicadellidae_3 family 3 
Arthropoda Insecta Hemiptera Corixidae 3 Hemiptera_corixidae_3 family 3 
Arthropoda Insecta Hemiptera Delphacidae 3 Hemiptera_delphacidae_3 family 1 
Arthropoda Insecta Hemiptera Gastrocoridae 3 Heteroptera_gastrocoridae_3 family 2 
Arthropoda Insecta Hemiptera Gerridae 3 Hemiptera_gerridae_3 family 1 
Arthropoda Insecta Hemiptera Nabidae 3 Hemiptera_nabidae_3 family 1 
Arthropoda Insecta Hemiptera Pentatomidae 3 Hemiptera_pentatomidae_3 family 1 
Arthropoda Insecta Hemiptera Psyllidae 3 Hemiptera_psyllidae_3 family 1 
Arthropoda Insecta Hemiptera Saldidae 3 Hemiptera_saldidae_3 family 1 
Arthropoda Insecta Hemiptera  3 Hemiptera_hemiptera_3 order 3 
Arthropoda Insecta Hymenoptera Formicidae 3 Hymenoptera_formicidae_3 family 3 
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Arthropoda Insecta Hymenoptera  1 Hymenoptera_hymenoptera _1 order 1 
Arthropoda Insecta Hymenoptera  3 Hymenoptera_hymenoptera _3 order 3 
Arthropoda Insecta Lepidoptera  1 Lepidoptera_lepidoptera_1 order 3 
Arthropoda Insecta Lepidoptera  3 Lepidoptera_lepidoptera_3 order 2 
Arthropoda Insecta Mecoptera Panorpidae 3 Mecoptera_panorpidae_3 family 1 
Arthropoda Insecta Megaloptera Sialidae 1 Megaloptera_sialidae_1 family 3 
Arthropoda Insecta Odonata Aeshnidae 1 Odonata_aeshnidae_1 family 3 
Arthropoda Insecta Odonata Aeshnidae 3 Odonata_aeshnidae_3 family 2 
Arthropoda Insecta Odonata Calopterygidae 1 Odonata_calopterygidae_1 family 3 
Arthropoda Insecta Odonata Cordulegastridae 1 Odonata_cordulegastridae_1 family 3 
Arthropoda Insecta Odonata Gomphidae 1 Odonata_gomphidae_1 family 3 
Arthropoda Insecta Odonata Libellulidae 1 Odonata_libellulidae_1 family 1 
Arthropoda Insecta Odonata  1 Odonata_odonata_1 order 1 
Arthropoda Insecta Plecoptera Capniidae 1 Plecoptera_capniidae_1 family 3 
Arthropoda Insecta Plecoptera Chloroperlidae 1 Plecoptera_chloroperlidae_1 family 3 
Arthropoda Insecta Plecoptera Leutricidae 1 Plecoptera_leutricidae_1 family 1 
Arthropoda Insecta Plecoptera Nemouridae 1 Plecoptera_nemouridae_1 family 1 
Arthropoda Insecta Plecoptera Perlidae 1 Plecoptera_perlidae_1 family 3 
Arthropoda Insecta Plecoptera Perlodidae 1 Plecoptera_perlodidae_1 family 3 
Arthropoda Insecta Plecoptera Perlodidae 3 Plecoptera_perlodidae_3 family 1 
Arthropoda Insecta Plecoptera Pteronarcyidae 1 Plecoptera_pteronarcyidae_1 family 1 
Arthropoda Insecta Plecoptera Taeniopterygidae 1 Plecoptera_taeniopterygidae_1 family 3 
Arthropoda Insecta Plecoptera  1 Plecoptera_plecoptera_1 order 3 
Arthropoda Insecta Plecoptera  3 Plecoptera_plecoptera_3 order 3 
Arthropoda Insecta Psocoptera  3 Psocoptera_psocoptera_3 order 3 
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Arthropoda Insecta Thysanoptera  3 Thysanoptera_thysanoptera_3 order 1 
Arthropoda Insecta Trichoptera Brachycentridae 1 Trichoptera_brachycentridae_1 family 3 
Arthropoda Insecta Trichoptera Brachycentridae 2 Trichoptera_brachycentridae_2 family 2 
Arthropoda Insecta Trichoptera Glossosomatidae 1 Trichoptera_glossosomatidae_1 family 3 
Arthropoda Insecta Trichoptera Hydropsychidae 1 Trichoptera_hydropsychidae_1 family 3 
Arthropoda Insecta Trichoptera Hydroptilidae 1 Trichoptera_hydroptilidae_1 family 3 
Arthropoda Insecta Trichoptera Lepidostomatidae 1 Trichoptera_lepidostomatidae_1 family 3 
Arthropoda Insecta Trichoptera Leptoceridae 1 Trichoptera_leptoceridae_1 family 3 
Arthropoda Insecta Trichoptera Limnephilidae 1 Trichoptera_limnephilidae_1 family 3 
Arthropoda Insecta Trichoptera Mollanidae 1 Trichoptera_mollanidae_1 family 1 
Arthropoda Insecta Trichoptera Philopotamidae 1 Trichoptera_philopotamidae_1 family 3 
Arthropoda Insecta Trichoptera Phryganeidae 1 Trichoptera_phryganeidae_1 family 1 
Arthropoda Insecta Trichoptera Polycentropodida
e 
1 Trichoptera_polycentropodidae_1 family 3 
Arthropoda Insecta Trichoptera Polycentropodida
e 
2 Trichoptera_polycentropodidae_2 family 1 
Arthropoda Insecta Trichoptera Psychomyiidae 1 Trichoptera_psychomyiidae_1 family 3 
Arthropoda Insecta Trichoptera Rhyacophilidae 1 Trichoptera_rhyacophilidae_1 family 3 
Arthropoda Insecta Trichoptera  1 Trichoptera_trichoptera_1 order 3 
Arthropoda Insecta Trichoptera  2 Trichoptera_trichoptera_2 order 3 
Arthropoda Insecta Trichoptera  3 Trichoptera_trichoptera_3 order 3 
Arthropoda Malacostraca Amphipoda  3 Amphipoda_amphipoda_3 order 3 
Arthropoda Malacostraca Isopoda  3 Isopoda_isopoda_3 order 1 
Arthropoda Myriapoda*   3 Myriapoda_myriapoda_3 subphylum 1 
Chordata Actinopterygii Cypriniformes Catostomidae 4 Teleostei_fish egg (SUC)_4 species 3 
Chordata Actinopterygii Cypriniformes Catostomidae 5 Teleostei_larval fish (SUC)_5 order 2 
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Chordata Actinopterygii Gasterosteiformes Gasterosteidae 5 Teleostei_larval fish (Culaea 
inconstans)_5 
species 1 
Chordata Actinopterygii Neopterygii*  5 Teleostei_larval fish _5 subclass 3 
Chordata Actinopterygii Salmoniformes Salmonidae 4 Teleostei_fish egg (COH)_4 species 1 
Chordata Actinopterygii Salmoniformes Salmonidae 4 Teleostei_fish egg (STH)_4 species 1 
Chordata Actinopterygii Salmoniformes Salmonidae 5 Teleostei_larval fish (salmonid)_5 family 1 
Mollusca Bivalvia Veneroida Sphaeriidae 3 Bivalvia_sphaeriidae_3 family 3 
Mollusca Gastropoda Architaenioglossa Viviparidae 3 Gastropoda_viviparidae_3 family 2 
Mollusca Gastropoda Basommatophora Ancylidae 3 Gastropoda_ancylidae_3 family 1 
Mollusca Gastropoda Basommatophora Lymnaeidae 3 Gastropoda_lymnaeidae_3 family 1 
Mollusca Gastropoda Basommatophora Physidae 3 Gastropoda_physidae_3 family 3 
Mollusca Gastropoda Basommatophora Planorbidae 3 Gastropoda_planorbidae_3 family 1 
Mollusca Gastropoda   3 Gastropoda_gastropoda_3 class 2 
Mollusca Gastropoda Stylommatophora Haplotrematidae 3 Gastropoda_haplotrematidae_3 family 2 
Mollusca Gastropoda Stylommatophora slug** 3 Gastropoda_slug_3 subclass 3 



























Stage a b 
Taxon 
used 
Source For L-W 
Regression 
Oligochaeta Oligochaeta Oligochaeta aquatic any 0.008 1.888 class Miyasak et al. 2008 
Arachnida Acari Hydrachnidia aquatic any 0.133 1.66 family Baumgartner and 
Rotthaupt 2003 
Arachnida Araneae Araneae terrestrial any 0.05 2.74 order Sabo et al. 2002 
Arachnida Pseudoscorpiones Pseudoscorpiones terrestrial any 0.04088 2.218 order Johnson and Strong 
2000 
Insecta Coleoptera Byrrhidae terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Cerambycidae terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Coleoptera terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Coleoptera terrestrial larva 0.011657 2.4724 order Meyer 1989 
Insecta Coleoptera Curculionidae aquatic adult 0.0607 2.315 family Gruner 2003 
Insecta Coleoptera Dytiscidae aquatic adult 0.0618 2.502 family Benke et al. 1999 
Insecta Coleoptera Dytiscidae aquatic larva 0.011657 2.4724 order Gruner 2003 
Insecta Coleoptera Elateridae terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Elmidae aquatic adult 0.0339 2.384 order Gruner 2003 
Insecta Coleoptera Elmidae aquatic larva 0.0074 2.879 family Benke et al. 1999 
Insecta Coleoptera Haliplidae aquatic adult 0.0271 2.744 family Benke et al. 1999 
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Insecta Coleoptera Hydrophilidae aquatic adult 0.0339 2.384 order Gruner 2003 
Insecta Coleoptera Lucanidae terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Pyrochoridae terrestrial adult 0.0314 2.64 order Sabo et al. 2002 
Insecta Coleoptera Staphylinidae terrestrial adult 0.001 4.026 family Sabo et al. 2002 
Insecta Coleoptera Staphylinidae terrestrial larva 0.011657 2.4724 order Meyer 1989 
Insecta Collembola Collembola terrestrial any 0.0056 2.809 order Gruner 2003 
Insecta Diptera Asilidae both adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Athericidae aquatic larva 0.004 2.586 family Benke et al. 1999 
Insecta Diptera Athericidae aquatic pupa 0.009817 2.27 order FSL 
Insecta Diptera Brachycera both adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Ceratopogonidae both larva 0.0025 2.469 family Benke et al. 1999 
Insecta Diptera Ceratopogonidae aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Diptera Chaoboridae aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Diptera Chironomidae aquatic adult 0.021 2.081 suborder Hodar 1996 
Insecta Diptera Chironomidae aquatic larva 0.0018 2.617 family Benke et al. 1999 
Insecta Diptera Chironomidae aquatic pupa 0.0052 2.24 family Burgherr and Meyer 
1997 
Insecta Diptera Culicidae aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Diptera Diptera both adult 0.006 3.05 order Sabo et al. 2002 
Insecta Diptera Diptera both larva 0.0025 2.692 order Benke et al. 1999 
Insecta Diptera Diptera both pupa 0.0098174 2.27 order FSL 
Insecta Diptera Drosophilidae terrestrial adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Empididae both adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Empididae both larva 0.0054 2.546 family Benke et al. 1999 
Insecta Diptera Empididae both pupa 0.03714 2.366 family FSL 
Insecta Diptera Ephydridae both adult 0.0304 2.63 suborder Hodar 1996 
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Insecta Diptera Mycetophilidae aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Diptera Nematocera both adult 0.021 2.081 suborder Hodar 1996 
Insecta Diptera Nematocera aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Diptera Phoridae terrestrial adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Ptychopteridae aquatic adult 0.021 2.081 suborder Hodar 1996 
Insecta Diptera Sciomyzidae aquatic larva 0.0025 2.692 order Benke et al. 1999 
Insecta Diptera Simuliidae aquatic adult 0.021 2.081 suborder Hodar 1996 
Insecta Diptera Simuliidae aquatic larva 0.002 3.011 family Benke et al. 1999 
Insecta Diptera Simuliidae aquatic pupa 0.006 3.05 family FSL 
Insecta Diptera Syrphidae both adult 0.0304 2.63 suborder Hodar 1996 
Insecta Diptera Tabanidae aquatic larva 0.005 2.591 family Benke et al. 1999 
Insecta Diptera Tipulidae both larva 0.0029 2.681 family Benke et al. 1999 
Insecta Diptera Tipulidae aquatic pupa 0.009817 2.27 suborder FSL 
Insecta Ephemeroptera Baetidae aquatic adult 0.014 2.49 order Benke et al. 1999 
Insecta Ephemeroptera Ephemeridae aquatic larva 0.0034 2.764 family Benke et al. 1999 
Insecta Ephemeroptera Ephemeroptera aquatic larva 0.0071 2.832 order Benke et al. 1999 
Insecta Ephemeroptera Heptageniidae aquatic larva 0.0108 2.754 family Benke et al. 1999 
Insecta Ephemeroptera Leptophlebiidae aquatic larva 0.0047 2.686 family Benke et al. 1999 
Insecta Hemiptera Acanthasomatidae terrestrial any 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Hemiptera Cercopidae terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Hemiptera Corixidae terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Hemiptera Delphacidae terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
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Insecta Hemiptera Gerridae terrestrial adult 0.015 2.596 order Benke et al. 1999 
Insecta Hemiptera Hemiptera terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Hemiptera Pentatomidae terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Hemiptera Saldidae terrestrial adult 0.02147 2.794 order Johnson and Strong 
2000 
Insecta Homoptera Aphididae terrestrial any 0.005 3.33 order Sabo et al. 2002 
Insecta Homoptera Cicadellidae terrestrial adult 0.079 2.229 family Sabo et al. 2002 
Insecta Hymenoptera Formicidae terrestrial adult 0.027 2.666 family Sabo et al. 2002 
Insecta Hymenoptera Hymenoptera terrestrial adult 0.56 1.56 order Sabo et al. 2002 
Insecta Lepidoptera Lepidoptera terrestrial adult 0.012 2.69 order Sabo et al. 2002 
Insecta Lepidoptera Lepidoptera aquatic larva 0.002715 2.959 order Sample et al. 1993 
Insecta Mecoptera Mecoptera terrestrial adult 0.09 2.41 class Sabo et al. 2002 
Insecta Megaloptera Sialidae aquatic larva 0.0037 2.838 order Benke et al. 1999 
Insecta Odonata Aeshnidae aquatic adult 0.014 2.27 order Sabo et al. 2002 
Insecta Odonata Aeshnidae aquatic larvae 0.0082 2.813 family Benke et al. 1999 
Insecta Odonata Calyopterygidae aquatic larvae 0.005 2.742 family Benke et al. 1999 
Insecta Odonata Cordulegastridae aquatic larvae 0.0067 2.782 family Benke et al. 1999 
Insecta Odonata Gomphidae aquatic larvae 0.0088 2.787 family Benke et al. 1999 
Insecta Odonata Libellulidae aquatic larvae 0.0076 2.809 family Benke et al. 1999 
Insecta Odonata Odonata aquatic adult 0.014 2.27 order Sabo et al. 2002 
Insecta Plecoptera Capniidae aquatic larva 0.0049 2.562 family Benke et al. 1999 
Insecta Plecoptera Chloroperlidae aquatic larva 0.0065 2.724 family Benke et al. 1999 
Insecta Plecoptera Leuctridae aquatic larva 0.0028 2.719 family Benke et al. 1999 
Insecta Plecoptera Nemouridae aquatic larva 0.0056 2.762 family Benke et al. 1999 
Insecta Plecoptera Perlidae aquatic larva 0.0099 2.879 family Benke et al. 1999 
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Insecta Plecoptera Perlodidae aquatic adult 0.26 1.69 order Sabo et al. 2002 
Insecta Plecoptera Perlodidae aquatic larva 0.0196 2.742 family Benke et al. 1999 
Insecta Plecoptera Plecoptera aquatic adult 0.26 1.69 order Sabo et al. 2002 
Insecta Plecoptera Plecoptera aquatic larva 0.0094 2.754 order Benke et al. 1999 
Insecta Plecoptera Pteronarcyidae aquatic adult 0.506 1.5 family Sabo et al. 2002 
Insecta Plecoptera Taeniopterygidae aquatic larvae 0.0072 2.655 family Benke et al. 1999 
Insecta Pscoptera Psocoptera terrestrial any 0.0136 3.115 order Gruner 2003 
Insecta Thysanoptera Thysanoptera terrestrial any 0.0071 2.537 order Hodar 1996 
Insecta Trichoptera Brachycentridae aquatic larva 0.0083 2.818 family Benke et al. 1999 
Insecta Trichoptera Brachycentridae aquatic pupa 0.0083 2.818 family Benke et al. 1999 
Insecta Trichoptera Glossosomatidae aquatic larva 0.0082 2.958 family Benke et al. 1999 
Insecta Trichoptera Hydropsychidae aquatic larva 0.0046 2.926 family Benke et al. 1999 
Insecta Trichoptera Hydroptilidae aquatic larva 0.0122 2.57 family Baumgartner and 
Rothhaupt  2003 
Insecta Trichoptera Lepidostomatidae aquatic larva 0.0079 2.649 family Benke et al. 1999 
Insecta Trichoptera Leptoceridae aquatic larva 0.0034 3.212 family Benke et al. 1999 
Insecta Trichoptera Limnephilidae aquatic larva 0.004 2.933 family Benke et al. 1999 
Insecta Trichoptera Molannidae aquatic larva 0.0056 2.839 order Benke et al. 1999 
Insecta Trichoptera Philopotamidae aquatic larva 0.005 2.511 family Benke et al. 1999 
Insecta Trichoptera Phryganeidae aquatic larva 0.0054 2.811 family Benke et al. 1999 
Insecta Trichoptera Polycentropodidae aquatic larva 0.0047 2.705 family Benke et al. 1999 
Insecta Trichoptera Psychomyiidae aquatic larva 0.0056 2.839 order Benke et al. 1999 
Insecta Trichoptera Rhyacophilidae aquatic larva 0.0099 2.48 family Benke et al. 1999 
Insecta Trichoptera Trichoptera aquatic adult 0.01 2.9 order Sabo et al. 2002 
Insecta Trichoptera Trichoptera aquatic larva 0.0056 2.839 order Benke et al. 1999 
Insecta Trichoptera Trichoptera aquatic pupa 0.0056 2.839 order Benke et al. 1999 
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Malacostroca Amphipoda Amphipoda aquatic any 0.007828 2.56 order Baumgartner and 
Rothhaupt 2003 
Malacostroca Isopoda Isopoda aquatic any 0.0054 2.948 order Benke et al. 1999 
Gastropoda Gastropoda Gastropoda aquatic any 0.03572 3.1403 class Meyer 1989 
Mollusca Mollusca Mollusca aquatic any 0.0321 2.3 phylum Baumgartner and 
























Order Family Lifestage Taxon reg 
type 
a(SE) b(SE) c r² Range of 
Head Width 
n p 
Ephemeroptera Baetidae larval family quad 2.833 (.115) -1.882(.391) 3.815(.307) 0.526 0.1-1.3 1044 <0.001 
Trichoptera trichoptera adult order linear 1.082(.148) 4.188(.207)   0.872 0.2-1.5 62 <0.001 
Ephemeroptera ephemerellidae larval family quad 2.193(.413) -1.409(1.096) 2.810(.673) 0.772 0.2-1.3 76 <0.001 
Ephemeroptera heptageniidae larval family quad -2.673(.847) 6.629(1.113) -1.271(.332) 0.721 0.3-3.0 63 <0.001 
Ephemeroptera leptophlebiidae larval family linear .609(.109) 3.796(.136)   0.7 0.2-1.5 336 <0.001 
Anisoptera gomphidae larval family linear -.018(.269) 4.581(.143)   0.981 0.3-5.5 22 <0.001 
Plecoptera perlodidae larval family linear .529(.217) 2.995(.232)   0.611 0.15-3 107 <0.001 
Trichoptera brachycentridae larval family linear .215(.188) 6.301(.258)   0.842 0.15-1.5 114 <0.001 
Trichoptera glossosomatidae larval family quad -1.424(.966) 16.024(2.871) -7.075(1.785) 0.832 0.25-1.3 27 <0.001 
Trichoptera hydropsychidae larval family quad 2.293(.471) 1.4(1.360) 3.467(.882) 0.696 0.2-1.5 212 <0.001 
Trichoptera lepidostomatidae larval family linear .895(.161) 6.107(.227)   0.773 0.1-1.5 265 <0.001 
Trichoptera limnephilidae larval family linear 2.078(.440) 4.944(.462)   0.771 0.1-2.5 36 <0.001 
Trichoptera philopotamidae larval family expo 2.120( 1.069(   0.551 0.1-1.7 235 <0.001 
Trichoptera polycentropodidae larval family linear -.841(.424) 4.841(.324)   0.715 0.6-2 91 <0.001 
Trichoptera rhyacophilidae larval family linear 1.021(1.237) 9.239(1.711)   0.676 0.4-1.5 16 <0.001 
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May n=309 n=160 n=238 n=707 
Amphipoda_amphipoda_3 1     1 
Annelida_oligochaeta_3 18     18 
Arachnida_hydrachnidia_3 2     2 
Arachnida_spider_3 1     1 
Coleoptera_coleoptera_3 1     1 
Coleoptera_elmidae_1 2 1   3 
Coleoptera_elmidae_3 1     1 
Coleoptera_hydrophilidae_3 1     1 
Coleoptera_staphylinidae_3 2 1   3 
Collembola_collembola_3     4 4 
Diptera_athericidae_1 2     2 
Diptera_ceratopogonidae_1 2   1 3 
Diptera_chironomidae_1 19 12 163 194 
Diptera_chironomidae_2 9 6 5 20 
Diptera_chironomidae_3 16 18 16 50 
Diptera_diptera_2   2 11 13 
Diptera_diptera_3 8 7 17 32 
Diptera_empididae_1     1 1 
Diptera_empididae_3 2     2 
Diptera_simuliidae_1 44 30   74 
Diptera_simuliidae_3 9 1 1 11 
Ephemeroptera_baetidae_1 27 15 3 45 
Ephemeroptera_baetidae_3   1   1 
Ephemeroptera_caenidae_1 1     1 
Ephemeroptera_ephemerellidae_1 2 1   3 
Ephemeroptera_ephemeroptera_3   1   1 
Ephemeroptera_heptageniidae_1 10 5   15 
Ephemeroptera_leptophlebiidae_1 20 19 1 40 
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Gastropoda_slug_3 1     1 
Gastropoda_viviparidae_3     1 1 
Hemiptera_cicadellidae_3 1     1 
Nematoda_nematoda_3     1 1 
Plecoptera_capniidae_1   1   1 
Plecoptera_chloroperlidae_1 33 6 1 40 
Plecoptera_perlodidae_1 10 4 2 16 
Trichoptera_brachycentridae_1 2   5 7 
Trichoptera_glossosomatidae_1 1     1 
Trichoptera_hydropsychidae_1 5 6 1 12 
Trichoptera_lepidostomatidae_1 19 13 1 33 
Trichoptera_leptoceridae_1     1 1 
Trichoptera_limnephilidae_1 1 1   2 
Trichoptera_philopotamidae_1 15 7 1 23 
Trichoptera_polycentropodidae_1 15 1   16 
Trichoptera_psychomyiidae_1 1 1   2 
Trichoptera_rhyacophilidae_1 1     1 
Trichoptera_trichoptera_1     1 1 
Diptera_drosophilidae_3 1     1 
Teleostei_fish egg (SUC)_4 3     3 
June n=807 n=240 n=250 n=1297 
Annelida_oligochaeta_3 22     22 
Arachnida_spider_3 1   1 2 
Coleoptera_elmidae_1 12 4 2 18 
Coleoptera_elmidae_3     1 1 
Collembola_collembola_3 3 6   9 
Diptera_athericidae_1 2   1 3 
Diptera_ceratopogonidae_1 5 2 2 9 
Diptera_chironomidae_1 139 31 68 238 
Diptera_chironomidae_2 135 13 66 214 
Diptera_chironomidae_3 33 24 22 79 
Diptera_diptera_2 13   3 16 
Diptera_diptera_3 22 11 28 61 
Diptera_empididae_1 5   5 10 
Diptera_empididae_2     2 2 
Diptera_empididae_3     1 1 
Diptera_simuliidae_1 49 34   83 
Diptera_tabanidae_1 1     1 
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Diptera_tipulidae_1 1   1 2 
Ephemeroptera_baetidae_1 133 40 12 185 
Ephemeroptera_baetidae_3     1 1 
Ephemeroptera_ephemerellidae_1 2 1 2 5 
Ephemeroptera_ephemeroptera_3 4     4 
Ephemeroptera_heptageniidae_1 17 3 1 21 
Ephemeroptera_leptophlebiidae_1 35 13 3 51 
Gastropoda_gastropoda_3     1 1 
Gastropoda_slug_3 3     3 
Hemiptera_cicadellidae_3 1     1 
Hemiptera_hemiptera_3 1     1 
Heteroptera_gastrocoridae_3     1 1 
Hymenoptera_formicidae_3 1 1 1 3 
Odonata_aeshnidae_1 1     1 
Odonata_gomphidae_1 1   1 2 
Plecoptera_capniidae_1 1     1 
Plecoptera_chloroperlidae_1 23 1   24 
Plecoptera_perlidae_1 1 1   2 
Plecoptera_perlodidae_1 11 2   13 
Plecoptera_plecoptera_3 2     2 
Psocoptera_psocoptera_3 4     4 
Teleostei_larval fish_5 15   1 16 
Trichoptera_brachycentridae_1   3 4 7 
Trichoptera_glossosomatidae_1     8 8 
Trichoptera_hydropsychidae_1 3 2   5 
Trichoptera_hydroptilidae_1     3 3 
Trichoptera_lepidostomatidae_1 10 22 5 37 
Trichoptera_limnephilidae_1   1 1 2 
Trichoptera_philopotamidae_1 20 10 1 31 
Trichoptera_polycentropodidae_1 64 13   77 
Trichoptera_psychomyiidae_1 9     9 
Trichoptera_trichoptera_3 2 2   4 
Teleostei_fish egg (SUC)_4     1 1 
July n=677 n=796 n=627 n=2100 
Amphipoda_amphipoda_3     3 3 
Annelida_oligochaeta_3 2     2 
Arachnida_hydrachnidia_3 1 1   2 
Arachnida_pseudoscorpionida_3 1     1 
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Arachnida_spider_3 6   1 7 
Coleoptera_coleoptera_1 1     1 
Coleoptera_curculionidae_3 1 1   2 
Coleoptera_dytiscidae_1 1     1 
Coleoptera_dytiscidae_3   1   1 
Coleoptera_elmidae_1 10 1 25 36 
Coleoptera_elmidae_3 2     2 
Coleoptera_haliplidae_3 1     1 
Coleoptera_staphylinidae_1 1     1 
Coleoptera_staphylinidae_3 2     2 
Collembola_collembola_3 3 1   4 
Diptera_ceratopogonidae_1     2 2 
Diptera_ceratopogonidae_2   1   1 
Diptera_chironomidae_1 59 83 84 226 
Diptera_chironomidae_2 35 96 131 262 
Diptera_chironomidae_3 95 108 153 356 
Diptera_diptera_3 10 32 22 64 
Diptera_empididae_1   3 5 8 
Diptera_empididae_2     1 1 
Diptera_empididae_3 1     1 
Diptera_mycetophilidae_3 2     2 
Diptera_sciomyzidae_1     1 1 
Diptera_simuliidae_1 160 159 21 340 
Diptera_simuliidae_2   1   1 
Diptera_simuliidae_3 6 3 1 10 
Diptera_tipulidae_1 2     2 
Diptera_tipulidae_3 1 1   2 
Ephemeroptera_baetidae_1 198 245 89 532 
Ephemeroptera_ephemerellidae_1   1   1 
Ephemeroptera_ephemeroptera_3 34 4 15 53 
Ephemeroptera_heptageniidae_1   4 1 5 
Ephemeroptera_leptophlebiidae_1     2 2 
Gastropoda_physidae_3   1 2 3 
Hemiptera_aphididae_3 1     1 
Hemiptera_hemiptera_3     1 1 
Hirudinea_hirudinea_3 1     1 
Hymenoptera_formicidae_3 2 1   3 
Hymenoptera_hymenoptera_3 1     1 
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Lepidoptera_lepidoptera_1   1   1 
Megaloptera_sialidae_1     1 1 
Odonata_cordulegastridae_1 2     2 
Odonata_gomphidae_1 3 2 1 6 
Plecoptera_chloroperlidae_1 1     1 
Plecoptera_perlodidae_1   1   1 
Plecoptera_plecoptera_1   1   1 
Psocoptera_psocoptera_3 6 1   7 
Teleostei_larval fish_5 3 1 2 6 
Trichoptera_brachycentridae_1   2 24 26 
Trichoptera_glossosomatidae_1   1   1 
Trichoptera_hydropsychidae_1 4 6 3 13 
Trichoptera_hydroptilidae_1 1 2 1 4 
Trichoptera_lepidostomatidae_1 10 15 2 27 
Trichoptera_limnephilidae_1   2   2 
Trichoptera_philopotamidae_1   3   3 
Trichoptera_rhyacophilidae_1 2     2 
Trichoptera_trichoptera_1     1 1 
Trichoptera_trichoptera_3 4 10 32 46 
Teleostei_larval fish (SUC)_5 1     1 
August n=634 n=284 n=369 n=1287 
Annelida_oligochaeta_3 4 4   8 
Arachnida_hydrachnidia_3 1 1 1 3 
Arachnida_spider_3 7     7 
Bivalvia_sphaeriidae_3 2     2 
Coleoptera_coleoptera_3 3 2   5 
Coleoptera_curculionidae_3     1 1 
Coleoptera_elmidae_1 18 4 1 23 
Coleoptera_elmidae_3 1     1 
Coleoptera_staphylinidae_3 7 4   11 
Collembola_collembola_3 2 1   3 
Diptera_athericidae_1 2     2 
Diptera_ceratopogonidae_1 2     2 
Diptera_chaoboridae_2 1     1 
Diptera_chironomidae_1 65 53 47 165 
Diptera_chironomidae_2 21 17 128 166 
Diptera_chironomidae_3 29 11 141 181 
Diptera_culicidae_2 1     1 
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Diptera_diptera_1 1     1 
Diptera_diptera_2 4   1 5 
Diptera_diptera_3 10 3 5 18 
Diptera_empididae_1 8     8 
Diptera_empididae_2 6     6 
Diptera_empididae_3   3   3 
Diptera_phoridae_3 2     2 
Diptera_simuliidae_1 85 16 12 113 
Diptera_simuliidae_2 2     2 
Diptera_tipulidae_1 4 4   8 
Diptera_tipulidae_2 1     1 
Ephemeroptera_baetidae_1 164 38 12 214 
Ephemeroptera_ephemerellidae_1 6 5 2 13 
Ephemeroptera_ephemeridae_1   1   1 
Ephemeroptera_ephemeroptera_3 34 3   37 
Ephemeroptera_heptageniidae_1 11 6   17 
Ephemeroptera_leptophlebiidae_1 11 8 1 20 
Gastropoda_haplotrematidae_3 1     1 
Gastropoda_physidae_3   1   1 
Gastropoda_slug_3 1     1 
Hemiptera_aphididae_3     2 2 
Hemiptera_cicadellidae_3 1     1 
Hymenoptera_formicidae_3 4 1 1 6 
Hymenoptera_hymenoptera_3 2   1 3 
Odonata_aeshnidae_3 1     1 
Odonata_gomphidae_1 2 8 1 11 
Plecoptera_perlodidae_1 6 10   16 
Psocoptera_psocoptera_3 3     3 
Trichoptera_brachycentridae_1 5 7 5 17 
Trichoptera_brachycentridae_2 1     1 
Trichoptera_glossosomatidae_1   1   1 
Trichoptera_hydropsychidae_1 33 22 4 59 
Trichoptera_lepidostomatidae_1 10 7 2 19 
Trichoptera_limnephilidae_1 4   1 5 
Trichoptera_philopotamidae_1 35 33   68 
Trichoptera_psychomyiidae_1   1   1 
Trichoptera_rhyacophilidae_1 2 6   8 
Trichoptera_trichoptera_1 1     1 
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Trichoptera_trichoptera_2   1   1 
Trichoptera_trichoptera_3 7 2   9 
September n=247 n=336 n=250 n=833 
Amphipoda_amphipoda_3   1 3 4 
Annelida_oligochaeta_3 3 2   5 
Arachnida_spider_3 3 1 2 6 
Coleoptera_coleoptera_3 1     1 
Coleoptera_elmidae_1 8 1   9 
Coleoptera_elmidae_3   1   1 
Collembola_collembola_3 3     3 
Diptera_chironomidae_1 17 30 45 92 
Diptera_chironomidae_2 5 17 29 51 
Diptera_chironomidae_3 11 23 68 102 
Diptera_diptera_1     1 1 
Diptera_diptera_3 16 2 1 19 
Diptera_empididae_1 2   2 4 
Diptera_empididae_3 1     1 
Diptera_sciomyzidae_1     1 1 
Diptera_simuliidae_1 7 18 7 32 
Diptera_tipulidae_1 2     2 
Diptera_tipulidae_3 1     1 
Ephemeroptera_baetidae_1 27 14 9 50 
Ephemeroptera_ephemerellidae_1 4 12 7 23 
Ephemeroptera_ephemeroptera_3 4 1 1 6 
Ephemeroptera_heptageniidae_1 7 5 2 14 
Ephemeroptera_leptophlebiidae_1 25 49   74 
Gastropoda_haplotrematidae_3   1   1 
Hemiptera_aphididae_3 1   3 4 
Hemiptera_cicadellidae_3     2 2 
Hymenoptera_formicidae_3 1     1 
Hymenoptera_hymenoptera_3 1 1   2 
Lepidoptera_lepidoptera_1 3     3 
Lepidoptera_lepidoptera_3 1     1 
Odonata_gomphidae_1     2 2 
Plecoptera_chloroperlidae_1 9     9 
Plecoptera_perlidae_1 2 1   3 
Plecoptera_perlodidae_1 14 22 2 38 
Psocoptera_psocoptera_3   1   1 
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Trichoptera_brachycentridae_1 1 1 14 16 
Trichoptera_glossosomatidae_1 4 2   6 
Trichoptera_hydropsychidae_1 12 29 12 53 
Trichoptera_hydroptilidae_1   2 5 7 
Trichoptera_lepidostomatidae_1 19 19 27 65 
Trichoptera_leptoceridae_1     1 1 
Trichoptera_limnephilidae_1 5 4 3 12 
Trichoptera_philopotamidae_1 21 76 1 98 
Trichoptera_polycentropodidae_1 1     1 
Trichoptera_rhyacophilidae_1 2     2 
Trichoptera_trichoptera_3 3     3 
October n=110 n=248 n=50 n=408 
Amphipoda_amphipoda_3   1 1 2 
Annelida_oligochaeta_3 1 2   3 
Arachnida_spider_3 2     2 
Bivalvia_sphaeriidae_3   1   1 
Coleoptera_dytiscidae_3   1   1 
Coleoptera_elmidae_1 10   1 11 
Coleoptera_elmidae_3   1   1 
Coleoptera_staphylinidae_1 1     1 
Diptera_athericidae_1   1   1 
Diptera_ceratopogonidae_1 1     1 
Diptera_chironomidae_1 10 9 6 25 
Diptera_chironomidae_2 1     1 
Diptera_diptera_3     1 1 
Diptera_empididae_1 2     2 
Diptera_simuliidae_1 1 6   7 
Diptera_tipulidae_1   1   1 
Ephemeroptera_baetidae_1 4 1 5 10 
Ephemeroptera_ephemerellidae_1 7 14   21 
Ephemeroptera_heptageniidae_1   9   9 
Ephemeroptera_leptophlebiidae_1 23 56   79 
Hemiptera_corixidae_3     2 2 
Odonata_calopterygidae_1     1 1 
Odonata_cordulegastridae_1 1     1 
Odonata_gomphidae_1     1 1 
Plecoptera_chloroperlidae_1 7 8   15 
Plecoptera_perlidae_1 3 1   4 
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Plecoptera_perlodidae_1 7 14 1 22 
Plecoptera_plecoptera_1 1   1 2 
Plecoptera_taeniopterygidae_1 8 9   17 
Trichoptera_brachycentridae_1   1 12 13 
Trichoptera_glossosomatidae_1 4 1   5 
Trichoptera_hydropsychidae_1 5 48 1 54 
Trichoptera_hydroptilidae_1     4 4 
Trichoptera_lepidostomatidae_1 3 36 9 48 
Trichoptera_leptoceridae_1     1 1 
Trichoptera_limnephilidae_1 2 5 1 8 
Trichoptera_philopotamidae_1 6 17 1 24 
Trichoptera_psychomyiidae_1     1 1 
Trichoptera_rhyacophilidae_1   5   5 
November n=138 n=174 n=92 n=404 
Amphipoda_amphipoda_3     1 1 
Annelida_oligochaeta_3 2     2 
Arachnida_pseudoscorpionida_3     1 1 
Arachnida_spider_3 2 2   4 
Coleoptera_elmidae_1 4 1 7 12 
Diptera_ceratopogonidae_1 2     2 
Diptera_chironomidae_1 9 22 5 36 
Diptera_diptera_3   1   1 
Diptera_empididae_1     1 1 
Diptera_ptycopteridae_1     1 1 
Diptera_simuliidae_1 1     1 
Diptera_tipulidae_1 1   2 3 
Ephemeroptera_baetidae_1 15 3 3 21 
Ephemeroptera_ephemerellidae_1 5 12   17 
Ephemeroptera_heptageniidae_1 2 3   5 
Ephemeroptera_leptophlebiidae_1 49 53 3 105 
Plecoptera_chloroperlidae_1 13 3 1 17 
Plecoptera_perlidae_1 1 1   2 
Plecoptera_perlodidae_1 2 10   12 
Plecoptera_taeniopterygidae_1 14 13   27 
Trichoptera_brachycentridae_1     29 29 
Trichoptera_glossosomatidae_1 3 3   6 
Trichoptera_hydropsychidae_1 3 21 4 28 
Trichoptera_hydroptilidae_1   1 15 16 
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Trichoptera_lepidostomatidae_1 5 20 13 38 
Trichoptera_limnephilidae_1   2 5 7 
Trichoptera_philopotamidae_1 4 2   6 
Trichoptera_psychomyiidae_1     1 1 
Trichoptera_trichoptera_3 1 1   2 






















May n=277 n=451 n=457 n=1185 
Annelida_oligochaeta_3 7   1 8 
Arachnida_hydrachnidia_3     2 2 
Arachnida_spider_3 3 4 11 18 
Coleoptera_carabidae_3   1   1 
Coleoptera_coleoptera_1 1     1 
Coleoptera_coleoptera_3     3 3 
Coleoptera_elateridae_3 2     2 
Coleoptera_elmidae_1     8 8 
Coleoptera_elmidae_3     2 2 
Coleoptera_haliplidae_3     1 1 
Coleoptera_hydrophilidae_3   1   1 
Collembola_collembola_3   2 34 36 
Diptera_athericidae_1 6 3 1 10 
Diptera_athericidae_2     1 1 
Diptera_ceratopogonidae_1 7 2 9 18 
Diptera_chironomidae_1 11 5 22 38 
Diptera_chironomidae_2 3 4 53 60 
Diptera_chironomidae_3 1 12 219 232 
Diptera_culicidae_1     10 10 
Diptera_diptera_1 2     2 
Diptera_diptera_3 1 6 5 12 
Diptera_dolichopodidae_3 2     2 
Diptera_empididae_1 1 1   2 
Diptera_empididae_3 25 2   27 
Diptera_simuliidae_1 3 14   17 
Diptera_simuliidae_2     1 1 
Diptera_simuliidae_3   14   14 
Diptera_syriphidae_3     1 1 
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Diptera_tipulidae_1 4     4 
Diptera_tipulidae_2 1     1 
Ephemeroptera_baetidae_1 17 10 3 30 
Ephemeroptera_ephemerellidae_1 6 7   13 
Ephemeroptera_ephemerellidae_3 1 26   27 
Ephemeroptera_ephemeroptera_1   1   1 
Ephemeroptera_ephemeroptera_3 10 206   216 
Ephemeroptera_heptageniidae_1 15 50 4 69 
Ephemeroptera_leptophlebiidae_1 7 19   26 
Gastropoda_physidae_3 2 1 1 4 
Hymenoptera_formicidae_3     1 1 
Hymenoptera_hymenoptera_3 1 3 2 6 
Lepidoptera_lepidoptera_1 1     1 
Megaloptera_sialidae_1 3     3 
Plecoptera_chloroperlidae_1 2 2   4 
Plecoptera_perlodidae_1 6 3 6 15 
Plecoptera_plecoptera_3 1     1 
Teleostei_fish egg (STH)_4 40     40 
Teleostei_fish egg (SUC)_4 12 5   17 
Trichoptera_brachycentridae_1 6 5 9 20 
Trichoptera_glossosomatidae_1 2 3   5 
Trichoptera_hydropsychidae_1 17 23 25 65 
Trichoptera_hydroptilidae_1     1 1 
Trichoptera_lepidostomatidae_1 3   6 9 
Trichoptera_limnephilidae_1 3   4 7 
Trichoptera_mollanidae_1   1   1 
Trichoptera_philopotamidae_1 1 2   3 
Trichoptera_phryganeidae_1 1     1 
Trichoptera_polycentropodidae_1 34 13 8 55 
Trichoptera_rhyacophilidae_1 5     5 
Trichoptera_trichoptera_1     1 1 
Trichoptera_trichoptera_3 1   2 3 
June n=173 n=391 n=164 n=728 
Amphipoda_amphipoda_3   1   1 
Annelida_oligochaeta_3 7 13 2 22 
Arachnida_hydrachnidia_3 1 1   2 
Arachnida_spider_3 1 7 2 10 
Coleoptera_coleoptera_3   1 1 2 
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Coleoptera_curculionidae_3     2 2 
Coleoptera_elateridae_3   1   1 
Coleoptera_elmidae_3 1     1 
Coleoptera_haliplidae_3   1   1 
Coleoptera_hydrophilidae_1   1   1 
Collembola_collembola_3 6 6 1 13 
Diptera_athericidae_1 2 2   4 
Diptera_ceratopogonidae_1 11 2   13 
Diptera_chironomidae_1 12 98 13 123 
Diptera_chironomidae_2 2 9 1 12 
Diptera_chironomidae_3 8 11 2 21 
Diptera_diptera_1 3 1 4 8 
Diptera_diptera_2   1   1 
Diptera_diptera_3 1 11 3 15 
Diptera_empididae_1 1 1   2 
Diptera_empididae_3 1 5 1 7 
Diptera_simuliidae_1 8 1 3 12 
Diptera_simuliidae_2   2   2 
Diptera_simuliidae_3   1   1 
Diptera_syriphidae_3   1   1 
Diptera_tabanidae_1   1   1 
Diptera_tipulidae_1   1   1 
Diptera_tipulidae_2 4 4   8 
Diptera_tipulidae_3 1 3 2 6 
Ephemeroptera_baetidae_1 19 13 6 38 
Ephemeroptera_ephemerellidae_1 2 7   9 
Ephemeroptera_ephemeroptera_3 3 13 13 29 
Ephemeroptera_heptageniidae_1 30 18 2 50 
Ephemeroptera_leptophlebiidae_1   5 9 14 
Gastropoda_physidae_3     2 2 
Gastropoda_planorbidae_3   2   2 
Gastropoda_slug_3   4 1 5 
Hemiptera_cicadellidae_3 6 5 1 12 
Hemiptera_gerridae_3     1 1 
Hemiptera_hemiptera_3   2   2 
Hymenoptera_formicidae_3   1 3 4 
Isopoda_isopoda_3   1   1 
Lepidoptera_lepidoptera_1   2 2 4 
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Odonata_aeshnidae_1   1   1 
Odonata_cordulegastridae_1     1 1 
Odonata_gomphidae_1   6   6 
Odonata_odonata_1 1     1 
Plecoptera_chloroperlidae_1 1     1 
Plecoptera_perlodidae_1 1     1 
Plecoptera_perlodidae_3   1   1 
Plecoptera_plecoptera_3   5   5 
Teleostei_fish egg (STH)_4 1     1 
Teleostei_fish egg (SUC)_4 2     2 
Teleostei_larval fish (salmonid)_5 2 2   4 
Trichoptera_brachycentridae_1 3 16 16 35 
Trichoptera_hydropsychidae_1 12 36 18 66 
Trichoptera_hydroptilidae_1   7 2 9 
Trichoptera_lepidostomatidae_1   5   5 
Trichoptera_limnephilidae_1   1 1 2 
Trichoptera_phryganeidae_1   1   1 
Trichoptera_polycentropodidae_1 10 24 33 67 
Trichoptera_polycentropodidae_2   1   1 
Trichoptera_polycentropodidae_3   2   2 
Trichoptera_psychomyiidae_1   1 1 2 
Trichoptera_psychomyiidae_3   1   1 
Trichoptera_rhyacophilidae_1 6 6   12 
Trichoptera_trichoptera_1 3     3 
Trichoptera_trichoptera_3 1 15 15 31 
July n=289 n=330 n=196 n=815 
Amphipoda_amphipoda_3   1   1 
Annelida_oligochaeta_3 1 1 1 3 
Arachnida_hydrachnidia_3     1 1 
Arachnida_spider_3 2   3 5 
Coleoptera_cerambycidae_3     1 1 
Coleoptera_coleoptera_3 1     1 
Coleoptera_curculionidae_3 3 7 10 20 
Coleoptera_elmidae_3 1   1 2 
Coleoptera_haliplidae_3 1     1 
Coleoptera_hydrophilidae_1   1   1 
Coleoptera_lucanidae_3 1     1 
Collembola_collembola_3 2 2   4 
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Diptera_ceratopogonidae_1 1 1 1 3 
Diptera_chironomidae_1 46 145 99 290 
Diptera_chironomidae_2 1 84 11 96 
Diptera_chironomidae_3 4 6   10 
Diptera_culicidae_2     1 1 
Diptera_diptera_1 3 1 3 7 
Diptera_diptera_3     1 1 
Diptera_dolichopodidae_3   1   1 
Diptera_empididae_1 1 2   3 
Diptera_empididae_2   2   2 
Diptera_empididae_3   13   13 
Diptera_ephydridae_1   4   4 
Diptera_ephydridae_3 1     1 
Diptera_simuliidae_1 17 6 5 28 
Diptera_simuliidae_3 3 3   6 
Diptera_tabanidae_1     1 1 
Ephemeroptera_baetidae_1 118 22 8 148 
Ephemeroptera_ephemeroptera_3   3 3 6 
Ephemeroptera_heptageniidae_1 12     12 
Gastropoda_physidae_3 5   9 14 
Gastropoda_slug_3   1   1 
Hemiptera_aphididae_3 2 1 1 4 
Hemiptera_cercopidae_3 1     1 
Hemiptera_cicadellidae_3   1 2 3 
Hymenoptera_formicidae_3 1 2 3 6 
Hymenoptera_hymenoptera_3 2     2 
Lepidoptera_lepidoptera_1 6 1   7 
Nematoda_nematoda_3 2     2 
Odonata_calopterygidae_1     1 1 
Odonata_gomphidae_1   2   2 
Odonata_libellulidae_1   1   1 
Plecoptera_leutricidae_1 1     1 
Psocoptera_psocoptera_3   2   2 
Teleostei_larval fish _5   1   1 
Thysanoptera_thysanoptera_3     1 1 
Trichoptera_brachycentridae_1 2 1 1 4 
Trichoptera_glossosomatidae_1 5     5 
Trichoptera_hydropsychidae_1 4 3 2 9 
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Trichoptera_hydroptilidae_1     2 2 
Trichoptera_lepidostomatidae_1 2   1 3 
Trichoptera_polycentropodidae_1 3 1 12 16 
Trichoptera_psychomyiidae_1 1     1 
Trichoptera_rhyacophilidae_1 4     4 
Trichoptera_trichoptera_2     1 1 
Trichoptera_trichoptera_3 29 8 10 47 
August n=529 n=647 n=628 n=1804 
Amphipoda_amphipoda_3     1 1 
Annelida_oligochaeta_3 6 1   7 
Arachnida_hydrachnidia_3 1 1 3 5 
Arachnida_spider_3 13 6 9 28 
Coleoptera_byrrhidae_3   1   1 
Coleoptera_carabidae_1 1     1 
Coleoptera_coccinellidae_1 1     1 
Coleoptera_coleoptera_1 2 1 1 4 
Coleoptera_coleoptera_3 1     1 
Coleoptera_curculionidae_3 1   4 5 
Coleoptera_dytiscidae_1     1 1 
Coleoptera_elmidae_1     2 2 
Coleoptera_elmidae_3 1 1   2 
Collembola_collembola_3 5 3 3 11 
Diptera_asilidae_3   1   1 
Diptera_athericidae_1   1   1 
Diptera_ceratopogonidae_1 1 1 2 4 
Diptera_ceratopogonidae_2   1   1 
Diptera_ceratopogonidae_3   7   7 
Diptera_chironomidae_1 59 184 176 419 
Diptera_chironomidae_2 10 136 23 169 
Diptera_chironomidae_3 7 12 11 30 
Diptera_diptera_1 4 1 4 9 
Diptera_diptera_2   2 2 4 
Diptera_diptera_3 16 9 4 29 
Diptera_dixidae_1     2 2 
Diptera_empididae_1 5 9 10 24 
Diptera_empididae_2 2   1 3 
Diptera_empididae_3 29 7 12 48 
Diptera_mycetophilidae_3   2   2 
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Diptera_phoridae_3 2     2 
Diptera_ptycopteridae_1     1 1 
Diptera_simuliidae_1 5 7 33 45 
Diptera_simuliidae_3 1 1 1 3 
Diptera_tipulidae_1 8 3 6 17 
Diptera_tipulidae_2 1     1 
Diptera_tipulidae_3 6   3 9 
Ephemeroptera_baetidae_1 164 123 98 385 
Ephemeroptera_baetidae_3   1 2 3 
Ephemeroptera_ephemerellidae_1   1   1 
Ephemeroptera_ephemeroptera_1     1 1 
Ephemeroptera_ephemeroptera_3 5 6 18 29 
Ephemeroptera_heptageniidae_1 3 5 1 9 
Gastropoda_ancylidae_3     1 1 
Gastropoda_physidae_3 4 26 78 108 
Gastropoda_planorbidae_3     2 2 
Gastropoda_slug_3 3     3 
Hemiptera_acanthsomatidae_3     1 1 
Hemiptera_aphididae_3 1 2 3 6 
Hemiptera_cicadellidae_3 4 2 2 8 
Hemiptera_corixidae_3     2 2 
Hemiptera_hemiptera_3     1 1 
Hemiptera_nabidae_3     1 1 
Hemiptera_pentatomidae_3 3   1 4 
Hemiptera_psyllidae_3     1 1 
Hymenoptera_formicidae_3 1   3 4 
Hymenoptera_hymenoptera_1 2 2 2 6 
Hymenoptera_hymenoptera_3 4 2 6 12 
Isopoda_isopoda_3   3   3 
Lepidoptera_lepidoptera_1 8 5 9 22 
Megaloptera_sialidae_1   1   1 
Nematoda_nematoda_3   1 5 6 
Odonata_aeshnidae_1 1     1 
Odonata_gomphidae_1 3 1 2 6 
Plecoptera_perlidae_1 5     5 
Plecoptera_perlodidae_1 1 6   7 
Plecoptera_plecoptera_1 1   1 2 
Psocoptera_psocoptera_3 11 3 2 16 
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Thysanoptera_thysanoptera_3     1 1 
Trichoptera_brachycentridae_1 2 8 4 14 
Trichoptera_glossosomatidae_1     5 5 
Trichoptera_hydropsychidae_1 20 17 15 52 
Trichoptera_hydroptilidae_1     6 6 
Trichoptera_lepidostomatidae_1 11 4   15 
Trichoptera_leptoceridae_1 1 1 2 4 
Trichoptera_limnephilidae_1     1 1 
Trichoptera_philopotamidae_1 17 13 4 34 
Trichoptera_polycentropodidae_1 12   18 30 
Trichoptera_rhyacophilidae_1 7 7   14 
Trichoptera_trichoptera_1 3 4 6 13 
Trichoptera_trichoptera_3 44 5 8 57 
September n=78 n=136 n=177 n=391 
Amphipoda_amphipoda_3   1 1 2 
Annelida_oligochaeta_3   4 7 11 
Arachnida_hydrachnidia_3   1 3 4 
Arachnida_spider_3 6 1 10 17 
Coleoptera_carabidae_3     1 1 
Coleoptera_coleoptera_3   1 1 2 
Coleoptera_dytiscidae_3     2 2 
Coleoptera_elmidae_1     1 1 
Coleoptera_pyrochoridae_3   1   1 
Collembola_collembola_3 1 1 3 5 
Diplopoda_diplopoda_3 1     1 
Diptera_athericidae_1   1   1 
Diptera_ceratopogonidae_1 1 3 1 5 
Diptera_chironomidae_1 2 8 8 18 
Diptera_chironomidae_2   2 2 4 
Diptera_diptera_1 1   2 3 
Diptera_diptera_3 3     3 
Diptera_empididae_1   2   2 
Diptera_simuliidae_1 1 2 1 4 
Diptera_tipulidae_1 1 1   2 
Ephemeroptera_baetidae_1 12 9 3 24 
Ephemeroptera_ephemerellidae_1   5   5 
Ephemeroptera_ephemeroptera_3   2   2 
Ephemeroptera_heptageniidae_1 6 2 6 14 
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Ephemeroptera_leptophlebiidae_1 2 2   4 
Gastropoda_lymnaeidae_3   1   1 
Gastropoda_physidae_3 4 24 45 73 
Gastropoda_planorbidae_3     1 1 
Hemiptera_aphididae_3     2 2 
Hemiptera_cicadellidae_3     3 3 
Hemiptera_corixidae_3     1 1 
Hemiptera_hemiptera_3   1   1 
Hymenoptera_hymenoptera_1   1   1 
Hymenoptera_hymenoptera_3     1 1 
Lepidoptera_lepidoptera_1 4 5 1 10 
Megaloptera_sialidae_1     1 1 
Nematoda_nematoda_3 2 1 2 5 
Odonata_calopterygidae_1     1 1 
Odonata_gomphidae_1     1 1 
Plecoptera_perlidae_1   1   1 
Plecoptera_perlodidae_1   1 1 2 
Plecoptera_plecoptera_1   1   1 
Psocoptera_psocoptera_3 2   1 3 
Teleostei_larval fish (salmonid)_5 1     1 
Trichoptera_brachycentridae_1 1 3 2 6 
Trichoptera_glossosomatidae_1 1 1   2 
Trichoptera_hydropsychidae_1 14 28 37 79 
Trichoptera_hydroptilidae_1     9 9 
Trichoptera_lepidostomatidae_1   4 3 7 
Trichoptera_leptoceridae_1 2     2 
Trichoptera_limnephilidae_1   5 3 8 
Trichoptera_philopotamidae_1 6   4 10 
Trichoptera_phryganeidae_1     1 1 
Trichoptera_polycentropodidae_1   1 4 5 
Trichoptera_rhyacophilidae_1 2 6   8 
Trichoptera_trichoptera_1   2 1 3 
Trichoptera_trichoptera_2   1   1 
Trichoptera_trichoptera_3 2     2 
October n=152 n=372 n=173 n=697 
Amphipoda_amphipoda_3     1 1 
Annelida_oligochaeta_3 9 6 1 16 
Arachnida_spider_3 2   1 3 
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Coleoptera_elmidae_1   3 2 5 
Coleoptera_haliplidae_1   1   1 
Coleoptera_staphylinidae_3   1   1 
Collembola_collembola_3     1 1 
Diplopoda_diplopoda_3   2   2 
Diptera_ceratopogonidae_1 4 1   5 
Diptera_chironomidae_1   9 3 12 
Diptera_chironomidae_2     26 26 
Diptera_chironomidae_3     4 4 
Diptera_diptera_1     1 1 
Diptera_muscidae_3   1   1 
Diptera_psychodidae_1     1 1 
Diptera_simuliidae_1 2 2   4 
Diptera_tipulidae_1 2 15 1 18 
Ephemeroptera_baetidae_1   1 2 3 
Ephemeroptera_baetidae_3     1 1 
Ephemeroptera_ephemerellidae_1 6 33   39 
Ephemeroptera_heptageniidae_1 2 6 1 9 
Ephemeroptera_leptophlebiidae_1   5   5 
Gastropoda_lymnaeidae_3     3 3 
Gastropoda_physidae_3 20 94 87 201 
Gastropoda_planorbidae_3     6 6 
Hemiptera_corixidae_3     2 2 
Hemiptera_delphacidae_3   1   1 
Hemiptera_gerridae_3   1   1 
Hemiptera_saldidae_3   1   1 
Hirudinea_hirudinea_3 1     1 
Isopoda_isopoda_3   1   1 
Lepidoptera_lepidoptera_1 2 2   4 
Odonata_calopterygidae_1   1   1 
Odonata_gomphidae_1 2 3   5 
Plecoptera_chloroperlidae_1 1     1 
Plecoptera_perlidae_1 1     1 
Plecoptera_perlodidae_1 3 1   4 
Plecoptera_plecoptera_1 3 2   5 
Plecoptera_pteronarcyidae_1 4 1   5 
Plecoptera_taeniopterygidae_1 1     1 
Teleostei_fish egg (COH)_4 41 45   86 
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Teleostei_larval fish (Culaea inconstans)_5   1   1 
Teleostei_larval fish (salmonid)_5 1     1 
Trichoptera_brachycentridae_1   3 3 6 
Trichoptera_glossosomatidae_1 3 8   11 
Trichoptera_hydropsychidae_1 14 55 2 71 
Trichoptera_hydroptilidae_1   1 19 20 
Trichoptera_lepidostomatidae_1 6 26   32 
Trichoptera_leptoceridae_1   2 1 3 
Trichoptera_limnephilidae_1 3 7 1 11 
Trichoptera_philopotamidae_1 13 17 3 33 
Trichoptera_polycentropodidae_1   2   2 
Trichoptera_rhyacophilidae_1 5 11   16 
Trichoptera_trichoptera_3 1     1 
November n= n=112 n=219 n=625 
Amphipoda_amphipoda_3     2 2 
Annelida_oligochaeta_3 6 4 11 21 
Arachnida_pseudoscorpionida_3   1   1 
Arachnida_spider_3 2 1 1 4 
Bivalvia_sphaeriidae_3     1 1 
Coleoptera_coleoptera_1 1     1 
Coleoptera_dytiscidae_1     1 1 
Coleoptera_elmidae_1 2 2   4 
Diptera_athericidae_1   1 1 2 
Diptera_ceratopogonidae_1 1   1 2 
Diptera_chironomidae_1 2 1 1 4 
Diptera_diptera_1 3     3 
Diptera_diptera_3 1     1 
Diptera_empididae_1 1 1   2 
Diptera_mycetophilidae_3 3     3 
Diptera_simuliidae_1 1 1   2 
Diptera_tipulidae_1 2 7 10 19 
Ephemeroptera_baetidae_1 8 2 1 11 
Ephemeroptera_ephemerellidae_1 11 12 2 25 
Ephemeroptera_ephemeroptera_1   1   1 
Ephemeroptera_heptageniidae_1 3 3 4 10 
Ephemeroptera_leptophlebiidae_1 1 7 98 106 
Gastropoda_physidae_3     4 4 
Gastropoda_slug_3 1 1 1 3 
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Hemiptera_corixidae_3   1 2 3 
Hirudinea_hirudinea_3     1 1 
Myriapoda_myriapoda_3 1 1   2 
Nematoda_nematoda_3 35   2 37 
Odonata_aeshnidae_1     2 2 
Odonata_calopterygidae_1 1     1 
Odonata_cordulegastridae_1   1   1 
Odonata_gomphidae_1 1     1 
Plecoptera_chloroperlidae_1 1     1 
Plecoptera_perlodidae_1 4 3 1 8 
Plecoptera_plecoptera_1 2 6 1 9 
Plecoptera_taeniopterygidae_1 2 2   4 
Teleostei_fish egg (COH)_4 97 5 4 106 
Teleostei_fish egg (SUC)_4 2 3   5 
Trichoptera_brachycentridae_1     1 1 
Trichoptera_glossosomatidae_1 9 2   11 
Trichoptera_hydropsychidae_1 16 15 7 38 
Trichoptera_hydroptilidae_1     32 32 
Trichoptera_lepidostomatidae_1 2 3   5 
Trichoptera_limnephilidae_1 5   4 9 
Trichoptera_philopotamidae_1 13 2   15 
Trichoptera_phryganeidae_1     9 9 
Trichoptera_rhyacophilidae_1 7 2 3 12 
Trichoptera_trichoptera_1     3 3 
Trichoptera_trichoptera_3 47 21 8 76 










PROPORTION OF PREY CATEGORIES FOUND IN THE DIET OF THE FIVE FSCS BY MONTH (%N = PROPORTION BY ABUNDANCE, %W = PROPORTION 





Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
May n=18     n=14     n=15     n=19     n=20     
Annelida_oligochaeta_3 0.4% 0.4% 11.1% - - - 0.2% 0.2% 13.3% 0.1% 0.1% 5.3% 0.2% 0.2% 20.0% 
Arachnida_hydrachnidia_3 0.2% 0.2% 11.1% - - - 0.1% 0.1% 6.7% - - - - - - 
Arachnida_spider_3 0.2% 0.2% 11.1% - - - 0.6% 0.6% 33.3% 0.2% 0.2% 10.5% 0.3% 0.3% 30.0% 
Coleoptera_carabidae_3 - - - - - - 0.1% 0.1% 6.7% - - - - - - 
Coleoptera_coleoptera_1 - - - - - - - - - 0.1% 0.1% 5.3% - - - 
Coleoptera_coleoptera_3 - - - - - - - - - 0.2% 0.2% 5.3% - - - 
Coleoptera_elateridae_3 - - - - - - 0.1% 0.1% 6.7% 0.1% 0.1% 5.3% - - - 
Coleoptera_elmidae_1 - - - - - - 0.5% 0.5% 6.7% - - - - - - 
Coleoptera_elmidae_3 - - - - - - 0.1% 0.1% 6.7% 0.1% 0.1% 5.3% - - - 
Coleoptera_haliplidae_3 - - - - - - 0.1% 0.1% 6.7% - - - - - - 
Coleoptera_hydrophilidae_3 - - - - - - - - - 0.1% 0.1% 5.3% - - - 
Collembola_collembola_3 0.2% 0.2% 5.6% - - - 0.8% 0.8% 6.7% 1.1% 1.1% 21.1% - - - 
Diptera_athericidae_1 - - - 0.2% 0.2% 21.4% 0.1% 0.1% 13.3% 0.2% 0.2% 21.1% 0.2% 0.2% 20.0% 
Diptera_athericidae_2 - - - - - - 0.1% 0.1% 6.7% - - - - - - 
Diptera_ceratopogonidae_1 0.6% 0.6% 16.7% 0.1% 0.1% 14.3% 0.6% 0.6% 40.0% - - - 0.4% 0.4% 30.0% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Diptera_chironomidae_2 0.8% 0.8% 16.7% 0.2% 0.2% 14.3% 2.0% 2.1% 33.3% 0.9% 0.9% 15.8% 0.1% 0.1% 10.0% 
Diptera_chironomidae_3 1.4% 1.5% 5.6% 0.2% 0.2% 14.3% 3.0% 3.1% 26.7% 8.9% 9.0% 15.8% - - - 
Diptera_culicidae_1 - - - - - - 0.6% 0.6% 6.7% - - - - - - 
Diptera_diptera_1 - - - - - - - - - 0.1% 0.1% 5.3% 0.1% 0.1% 10.0% 
Diptera_diptera_3 0.6% 0.6% 11.1% - - - 0.1% 0.1% 13.3% 0.4% 0.4% 15.8% - - - 
Diptera_dolichopodidae_3 - - - - - - 0.1% 0.1% 6.7% - - - 0.1% 0.1% 10.0% 
Diptera_empididae_1 0.2% 0.2% 5.6% 0.1% 0.1% 7.1% - - - - - - - - - 
Diptera_empididae_3 - - - - - - 1.5% 1.5% 13.3% 0.1% 0.1% 5.3% - - - 
Diptera_simuliidae_1 - - - 0.3% 0.3% 14.3% 0.1% 0.1% 6.7% 0.1% 0.1% 10.5% 1.0% 1.0% 10.0% 
Diptera_simuliidae_2 - - - - - - 0.1% 0.1% 6.7% - - - - - - 
Diptera_simuliidae_3 - - - 0.2% 0.3% 21.4% - - - 0.6% 0.6% 5.3% - - - 
Diptera_syriphidae_3 0.2% 0.2% 5.6% - - - - - - - - - - - - 
Diptera_tipulidae_1 0.2% 0.2% 5.6% - - - 0.1% 0.1% 6.7% 0.1% 0.1% 5.3% 0.1% 0.1% 10.0% 
Diptera_tipulidae_2 - - - - - - - - - 0.1% 0.1% 5.3% - - - 
empty stomach 0.6% - 16.7% 0.2% - 14.3% 0.1% - 6.7% - - - - - - 
Ephemeroptera_baetidae_1 0.4% 0.4% 11.1% 0.2% 0.3% 21.4% 0.1% 0.1% 6.7% 0.8% 0.8% 42.1% 0.8% 0.8% 50.0% 
Ephemeroptera_ephemerellidae_1 - - - 0.2% 0.2% 14.3% - - - 0.4% 0.4% 15.8% 0.4% 0.4% 30.0% 
Ephemeroptera_ephemerellidae_3 - - - 1.6% 1.6% 14.3% 0.1% 0.1% 13.3% 0.3% 0.3% 15.8% - - - 
Ephemeroptera_ephemeroptera_1 - - - - - - - - - 0.1% 0.1% 5.3% - - - 
Ephemeroptera_ephemeroptera_3 0.8% 0.8% 22.2% 3.6% 3.6% 28.6% 1.4% 1.4% 46.7% 5.0% 5.0% 26.3% 5.0% 5.0% 30.0% 
Ephemeroptera_heptageniidae_1 0.4% 0.4% 5.6% - - - 0.1% 0.1% 6.7% 2.9% 2.9% 47.4% 1.1% 1.1% 50.0% 
Ephemeroptera_leptophlebiidae_1 0.4% 0.4% 11.1% 0.6% 0.6% 21.4% 0.1% 0.1% 6.7% 0.3% 0.3% 21.1% 0.9% 0.9% 30.0% 
Gastropoda_physidae_3 0.4% 0.4% 5.6% 0.2% 0.2% 14.3% - - - - - - - - - 
Hymenoptera_formicidae_3 - - - - - - - - - 0.1% 0.1% 5.3% - - - 
Hymenoptera_hymenoptera_3 0.2% 0.2% 5.6% - - - 0.2% 0.2% 20.0% 0.1% 0.1% 5.3% - - - 
Lepidoptera_lepidoptera_1 0.2% 0.2% 5.6% - - - - - - - - - - - - 
Megaloptera_sialidae_1 - - - - - - 0.1% 0.1% 6.7% 0.1% 0.1% 5.3% - - - 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Plecoptera_perlodidae_1 1.0% 1.0% 16.7% - - 7.1% 0.1% 0.1% 13.3% 0.2% 0.2% 21.1% 0.4% 0.4% 40.0% 
Plecoptera_plecoptera_3 - - - 0.1% 0.1% - - - - - - - - - - 
Teleostei_fish egg (STH)_4 3.9% 4.0% 16.7% - - - - - - 0.1% 0.1% 5.3% 2.0% 2.0% 40.0% 
Teleostei_fish egg (SUC)_4 1.4% 1.5% 11.1% - - - - - - 0.1% 0.1% 5.3% 0.9% 0.9% 30.0% 
Trichoptera_brachycentridae_1 2.1% 2.1% 27.8% 0.2% 0.3% 21.4% - - - 0.3% 0.3% 21.1% 0.1% 0.1% - 
Trichoptera_glossosomatidae_1 - - - 0.3% 0.3% 21.4% - - - - - - 0.1% 0.1% 10.0% 
Trichoptera_hydropsychidae_1 3.7% 3.8% 33.3% 1.4% 1.4% 42.9% 0.5% 0.5% 46.7% 0.7% 0.7% 36.8% 0.8% 0.8% 60.0% 
Trichoptera_hydroptilidae_1 0.2% 0.2% 5.6% - - - - - - - - - - - - 
Trichoptera_lepidostomatidae_1 0.8% 0.8% 16.7% 0.2% 0.3% 14.3% 0.1% 0.1% 6.7% - - - - - - 
Trichoptera_limnephilidae_1 0.2% 0.2% 5.6% - - - 0.1% 0.1% 6.7% 0.2% 0.2% 10.5% 0.2% 0.2% 10.0% 
Trichoptera_mollanidae_1 - - - 0.1% 0.1% 7.1% - - - - - - - - - 
Trichoptera_philopotamidae_1 - - - 0.2% 0.2% 14.3% - - - - - - 0.1% 0.1% 10.0% 
Trichoptera_phryganeidae_1 0.2% 0.2% 5.6% - - - - - - - - - - - - 
Trichoptera_polycentropodidae_1 3.5% 3.6% 11.1% 1.3% 1.3% 28.6% 0.5% 0.5% 13.3% 0.5% 0.5% 26.3% 0.3% 0.3% 30.0% 
Trichoptera_rhyacophilidae_1 0.4% 0.4% 11.1% 0.1% 0.1% 7.1% - - - 0.1% 0.1% 10.5% - - - 
Trichoptera_trichoptera_1 0.2% 0.2% 5.6% - - - - - - - - - - - - 
Trichoptera_trichoptera_3 - - - - - - 0.2% 0.2% 13.3% - - - - - - 
June n=6     n=24     n=16     n=9     n=10     
Amphipoda_amphipoda_3 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Annelida_oligochaeta_3 0.4% 0.4% 33.3% 1.2% 1.3% 33.3% 0.1% 0.1% 12.5% 0.1% 0.1% 11.1% 0.1% 0.1% 10.0% 
Arachnida_hydrachnidia_3 - - - 0.1% 0.1% 4.2% - - - - - - 0.1% 0.1% 10.0% 
Arachnida_spider_3 0.2% 0.2% 16.7% 0.1% 0.1% 4.2% 0.1% 0.1% 12.5% 0.2% 0.2% 11.1% 0.2% 0.2% 10.0% 
Coleoptera_coleoptera_3 - - - 0.2% 0.2% 8.3% - - - - - - - - - 
Coleoptera_curculionidae_3 - - - 0.2% 0.2% 4.2% - - - - - - - - - 
Coleoptera_elateridae_3 - - - - - - - - - - - - 0.1% 0.1% 10.0% 
Coleoptera_elmidae_3 - - - - - - - - - 0.1% 0.1% 11.1% - - - 
Coleoptera_haliplidae_3 - - - - - - - - - - - - 0.1% 0.1% 10.0% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Collembola_collembola_3 - - - 0.1% 0.1% 4.2% 0.5% 0.5% 25.0% 0.2% 0.2% 11.1% - - - 
Diptera_athericidae_1 - - - 0.1% 0.1% 4.2% 0.1% 0.1% 6.3% 0.1% 0.1% 11.1% 0.1% 0.1% 10.0% 
Diptera_ceratopogonidae_1 - - - - - - 0.7% 0.7% 25.0% 0.1% 0.1% 11.1% - - - 
Diptera_chironomidae_1 0.8% 0.8% 33.3% 8.0% 8.2% 16.7% 0.5% 0.5% 50.0% 0.4% 0.4% 55.6% 0.5% 0.5% 40.0% 
Diptera_chironomidae_2 - - - 0.6% 0.6% 4.2% 0.2% 0.2% 18.8% - - - 0.1% 0.1% 10.0% 
Diptera_chironomidae_3 0.4% 0.4% 16.7% - - - 1.0% 1.1% 25.0% - - - 0.1% 0.1% 10.0% 
Diptera_diptera_1 0.2% 0.2% 16.7% 0.3% 0.3% 8.3% 0.2% 0.2% 18.8% - - - - - - 
Diptera_diptera_2 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Diptera_diptera_3 0.4% 0.4% 16.7% 0.2% 0.3% 8.3% - - - 0.4% 0.4% 22.2% 0.3% 0.3% 10.0% 
Diptera_empididae_1 - - - - - - 0.1% 0.1% 6.3% 0.1% 0.1% 11.1% - - - 
Diptera_empididae_3 - - - 0.4% 0.4% 8.3% 0.1% 0.1% 6.3% 0.1% 0.1% 11.1% - - - 
Diptera_simuliidae_1 0.4% 0.4% 16.7% 0.1% 0.1% 4.2% - - - 0.2% 0.2% 33.3% 0.6% 0.6% 20.0% 
Diptera_simuliidae_2 - - - - - - - - - - - - 0.2% 0.2% 10.0% 
Diptera_simuliidae_3 - - - - - - - - - 0.1% 0.1% 11.1% - - - 
Diptera_syriphidae_3 0.2% 0.2% 16.7% - - - - - - - - - - - - 
Diptera_tabanidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Diptera_tipulidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Diptera_tipulidae_2 0.4% 0.4% 16.7% 0.1% 0.1% 4.2% 0.2% 0.2% 12.5% 0.1% 0.1% 11.1% - - - 
Diptera_tipulidae_3 - - - - - - - - - 0.1% 0.1% 11.1% 0.4% 0.4% 30.0% 
empty stomach - - - 0.3% - 16.7% 0.1% - 12.5% - - - - - - 
Ephemeroptera_baetidae_1 0.6% 0.6% 33.3% - - - 0.1% 0.1% 31.3% 1.0% 1.0% 44.4% 1.3% 1.3% 60.0% 
Ephemeroptera_ephemerellidae_1 - - - 0.2% 0.2% 8.3% - - - 0.3% 0.3% 33.3% 0.1% 0.1% 10.0% 
Ephemeroptera_ephemeroptera_3 0.6% 0.6% 33.3% 0.1% 0.1% 4.2% 0.5% 0.5% 31.3% 0.2% 0.2% 22.2% 1.3% 1.3% 40.0% 
Ephemeroptera_heptageniidae_1 0.2% 0.2% 16.7% 0.3% 0.3% 12.5% - - - 1.6% 1.6% 66.7% 1.4% 1.4% 60.0% 
Ephemeroptera_leptophlebiidae_1 1.0% 1.0% 16.7% 0.2% 0.2% 8.3% 0.1% 0.1% 6.3% 0.1% 0.1% 22.2% 0.4% 0.4% 20.0% 
Gastropoda_physidae_3 - - - 0.2% 0.2% 4.2% - - - - - - - - - 
Gastropoda_planorbidae_3 - - - 0.2% 0.2% 4.2% - - - - - - - - - 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Hemiptera_cicadellidae_3 - - - 0.6% 0.6% 8.3% 0.1% 0.1% 6.3% 0.2% 0.2% 11.1% 0.1% 0.1% 10.0% 
Hemiptera_gerridae_3 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Hemiptera_hemiptera_3 - - - - - - 0.1% 0.1% 6.3% - - - - - - 
Hymenoptera_formicidae_3 - - - 0.2% 0.3% 4.2% - - - - - - 0.1% 0.1% 10.0% 
Isopoda_isopoda_3 - - - - - - - - - 0.1% 0.1% 11.1% - - - 
Lepidoptera_lepidoptera_1 - - - 0.2% 0.2% 4.2% - - - 0.1% 0.1% 11.1% - - - 
Odonata_aeshnidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Odonata_cordulegastridae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Odonata_gomphidae_1 - - - 0.2% 0.3% 4.2% - - - 0.1% 0.1% 11.1% 0.2% 0.2% 10.0% 
Odonata_odonata_1 - - - - - - - - - - - - 0.1% 0.1% 10.0% 
Plecoptera_chloroperlidae_1 - - - - - - 0.1% 0.1% 6.3% - - - - - - 
Plecoptera_perlodidae_1 - - - - - - - - - 0.1% 0.1% 11.1% - - - 
Plecoptera_perlodidae_3 - - - - - - - - - 0.1% 0.1% 11.1% - - - 
Plecoptera_plecoptera_3 0.2% 0.2% 16.7% - - - - - - 0.2% 0.2% 22.2% - - - 
Teleostei_fish egg (STH)_4 0.2% 0.2% 16.7% - - - - - - - - - - - - 
Teleostei_fish egg (SUC)_4 0.2% 0.2% 16.7% - - - 0.1% 0.1% 6.3% - - - - - - 
Teleostei_larval fish (salmonid)_5 - - - 0.2% 0.2% 4.2% 0.1% 0.1% 6.3% - - - - - - 
Trichoptera_brachycentridae_1 0.2% 0.2% 16.7% 1.6% 1.6% 16.7% 0.1% 0.1% 6.3% 0.4% 0.4% 22.2% 0.7% 0.7% 50.0% 
Trichoptera_hydropsychidae_1 0.2% 0.2% 16.7% 2.6% 2.7% 37.5% 0.3% 0.4% 25.0% 0.9% 0.9% 66.7% 0.9% 0.9% 30.0% 
Trichoptera_hydroptilidae_1 0.2% 0.2% 16.7% 0.1% 0.1% 4.2% - - - - - - 0.7% 0.7% 20.0% 
Trichoptera_lepidostomatidae_1 - - - 0.2% 0.3% 8.3% - - - 0.1% 0.1% 22.2% - - - 
Trichoptera_limnephilidae_1 - - - 0.2% 0.2% 8.3% - - - - - - - - - 
Trichoptera_phryganeidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Trichoptera_polycentropodidae_1 2.3% 2.3% 33.3% 3.3% 3.4% 20.8% 0.3% 0.3% 31.3% 0.3% 0.3% 44.4% 0.6% 0.6% 40.0% 
Trichoptera_polycentropodidae_2 - - - - - 4.2% - - - 0.1% 0.1% 11.1% - - - 
Trichoptera_polycentropodidae_3 - - - 0.2% 0.2% 8.3% - - - - - - - - - 
Trichoptera_psychomyiidae_1 - - - 0.2% 0.2% 4.2% - - - - - - - - - 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_rhyacophilidae_1 - - - - - - - - - 0.3% 0.3% 55.6% 0.6% 0.6% 50.0% 
Trichoptera_trichoptera_1 - - - - - - 0.1% 0.1% 6.3% - - - 0.2% 0.2% 10.0% 
Trichoptera_trichoptera_3 0.6% 0.6% 33.3% 1.1% 1.1% 20.8% 0.3% 0.3% 25.0% 0.4% 0.4% 11.1% 0.3% 0.3% 20.0% 
July n=8     n=24     n=24     n=11     n=12     
Amphipoda_amphipoda_3 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Annelida_oligochaeta_3 0.2% 0.2% 12.5% - - - 0.1% 0.1% 4.2% - - - 0.1% 0.1% 8.3% 
Arachnida_hydrachnidia_3 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Arachnida_spider_3 - - - 0.2% 0.2% 8.3% 0.2% 0.2% 12.5% - - - - - - 
Coleoptera_cerambycidae_3 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Coleoptera_coleoptera_3 - - - - - - - - - - - - 0.1% 0.1% 8.3% 
Coleoptera_curculionidae_3 - - - 1.1% 1.1% 25.0% 0.1% 0.1% 8.3% 0.1% 0.1% 9.1% 0.3% 0.3% 16.7% 
Coleoptera_elmidae_3 0.4% 0.4% 25.0% - - - - - - - - - - - - 
Coleoptera_haliplidae_3 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Coleoptera_hydrophilidae_1 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Coleoptera_lucanidae_3 - - - - - - - - - - - - 0.1% 0.1% 8.3% 
Collembola_collembola_3 - - - 0.1% 0.1% 4.2% 0.1% 0.1% 4.2% 0.1% 0.1% 9.1% 0.1% 0.1% 8.3% 
Diptera_ceratopogonidae_1 - - - - - - 0.2% 0.2% 12.5% - - - - - - 
Diptera_chironomidae_1 1.8% 1.9% 50.0% 1.6% 1.6% 37.5% 13.7% 13.9% 83.3% 1.1% 1.1% 81.8% 0.5% 0.5% 33.3% 
Diptera_chironomidae_2 - - - 0.1% 0.1% 4.2% 5.0% 5.1% 41.7% 0.4% 0.4% 9.1% 0.1% 0.1% 8.3% 
Diptera_chironomidae_3 - - - 0.1% 0.1% 4.2% 0.3% 0.3% 20.8% 0.1% 0.1% 9.1% 0.2% 0.2% 16.7% 
Diptera_culicidae_2 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Diptera_diptera_1 - - - - - - 0.4% 0.4% 20.8% - - - - - - 
Diptera_diptera_3 0.2% 0.2% 12.5% - - - - - - - - - - - - 
Diptera_dolichopodidae_3 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Diptera_empididae_1 - - - - - - 0.2% 0.2% 8.3% - - - - - - 
Diptera_empididae_2 - - - - - - 0.1% 0.1% 8.3% - - - - - - 
Diptera_empididae_3 - - - - - - 0.8% 0.8% 4.2% - - - - - - 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Diptera_ephydridae_3 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Diptera_simuliidae_1 - - - 0.3% 0.3% 16.7% 0.9% 0.9% 33.3% 0.2% 0.2% 18.2% 0.5% 0.5% 33.3% 
Diptera_simuliidae_3 - - - - - - 0.2% 0.2% 8.3% - - - 0.3% 0.3% 8.3% 
Diptera_tabanidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
empty stomach - - - 0.6% - 29.2% - - - - - - 0.1% - - 
Ephemeroptera_baetidae_1 0.8% 0.8% 25.0% 0.4% 0.4% 12.5% 1.7% 1.8% 45.8% 4.8% 4.8% 90.9% 1.7% 1.7% 75.0% 
Ephemeroptera_ephemeroptera_3 0.2% 0.2% 12.5% 0.1% 0.1% 4.2% 0.2% 0.2% 16.7% - - - - - - 
Ephemeroptera_heptageniidae_1 - - - - - - - - - 0.2% 0.2% 27.3% 0.8% 0.8% 33.3% 
Gastropoda_physidae_3 1.4% 1.5% 50.0% 0.4% 0.4% 16.7% - - - 0.1% 0.1% 18.2% - - - 
Gastropoda_slug_3 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Hemiptera_aphididae_3 - - - - - - 0.1% 0.1% 8.3% - - - 0.2% 0.2% 8.3% 
Hemiptera_cercopidae_3 - - - - - - - - - - - - 0.1% 0.1% 8.3% 
Hemiptera_cicadellidae_3 - - - - - - 0.2% 0.2% 8.3% - - - - - - 
Hymenoptera_formicidae_3 - - - 0.2% 0.3% 8.3% - - - 0.1% 0.1% 9.1% 0.1% 0.1% 8.3% 
Hymenoptera_hymenoptera_3 0.2% 0.2% 12.5% - - - 0.1% 0.1% 4.2% - - - - - - 
Lepidoptera_lepidoptera_1 - - - 0.1% 0.1% 4.2% 0.2% 0.2% 8.3% 0.1% 0.1% 9.1% 0.2% 0.2% 16.7% 
Nematoda_nematoda_3 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Odonata_calopterygidae_1 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Odonata_gomphidae_1 - - - 0.2% 0.2% 8.3% - - - - - - - - - 
Odonata_libellulidae_1 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Plecoptera_leutricidae_1 - - - - - - - - - - - - 0.1% 0.1% 8.3% 
Psocoptera_psocoptera_3 - - - - - - 0.1% 0.1% 8.3% - - - - - - 
Teleostei_larval fish _5 - - - 0.1% 0.1% 4.2% - - - - - - - - - 
Thysanoptera_thysanoptera_3 0.2% 0.2% 12.5% - - - - - - - - - - - - 
Trichoptera_brachycentridae_1 - - - 0.2% 0.2% 8.3% 0.1% 0.1% 4.2% 0.1% 0.1% 9.1% - - - 
Trichoptera_glossosomatidae_1 - - - - - - - - - - - - 0.5% 0.5% 16.7% 
Trichoptera_hydropsychidae_1 0.2% 0.2% 12.5% 0.2% 0.3% 12.5% 0.2% 0.2% 12.5% 0.1% 0.1% 9.1% 0.1% 0.1% 8.3% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_lepidostomatidae_1 - - - 0.1% 0.1% 4.2% - - - - - - 0.2% 0.2% 16.7% 
Trichoptera_polycentropodidae_1 - - - 0.2% 0.3% 4.2% 0.7% 0.7% 25.0% - - - 0.1% 0.1% 8.3% 
Trichoptera_psychomyiidae_1 - - - - - - 0.1% 0.1% 4.2% - - - - - - 
Trichoptera_rhyacophilidae_1 - - - - - - 0.1% 0.1% 4.2% 0.1% 0.1% 18.2% 0.1% 0.1% 8.3% 
Trichoptera_trichoptera_2 0.2% 0.2% 12.5% - - - - - - - - - - - - 
Trichoptera_trichoptera_3 0.2% 0.2% 12.5% 0.3% 0.3% 12.5% 1.0% 1.1% 25.0% 0.1% 0.1% 9.1% 2.2% 2.2% 41.7% 
August n=20     n=28     n=32     n=37     n=18     
Amphipoda_amphipoda_3 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Annelida_oligochaeta_3 - - - - - - 0.2% 0.2% 6.3% 0.1% 0.1% 5.4% 0.2% 0.2% 11.1% 
Arachnida_hydrachnidia_3 - - - - - - 0.1% 0.1% 6.3% 0.2% 0.2% 5.4% - - - 
Arachnida_spider_3 0.6% 0.6% 10.0% 0.9% 0.9% 21.4% 0.4% 0.4% 15.6% 0.1% 0.1% 5.4% 0.5% 0.5% 27.8% 
Coleoptera_byrrhidae_3 - - - 0.1% 0.1% 3.6% - - - - - - - - - 
Coleoptera_carabidae_1 - - - - - - - - - 0.1% 0.1% 2.7% - - - 
Coleoptera_coccinellidae_1 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Coleoptera_coleoptera_1 0.2% 0.2% 5.0% - - - 0.2% 0.2% 9.4% - - - - - - 
Coleoptera_coleoptera_3 - - - 0.1% 0.1% 3.6% - - - - - - - - - 
Coleoptera_curculionidae_3 - - - - - - 0.1% 0.1% 3.1% - - - 0.4% 0.4% 16.7% 
Coleoptera_dytiscidae_1 0.2% 0.2% 5.0% - - - - - - - - - - - - 
Coleoptera_elmidae_1 - - - - - - - - - 0.1% 0.1% 5.4% - - - 
Coleoptera_elmidae_3 - - - - - - - - - 0.1% 0.1% 2.7% 0.1% 0.1% 5.6% 
Collembola_collembola_3 - - - 0.2% 0.3% 7.1% 0.2% 0.2% 6.3% 0.1% 0.1% 5.4% 0.3% 0.3% 5.6% 
Diptera_asilidae_3 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Diptera_athericidae_1 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Diptera_ceratopogonidae_1 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 6.3% 0.1% 0.1% 2.7% - - - 
Diptera_ceratopogonidae_2 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Diptera_ceratopogonidae_3 - - - 0.6% 0.6% 3.6% - - - - - - - - - 
Diptera_chironomidae_1 7.0% 7.1% 65.0% 1.2% 1.2% 32.1% 10.8% 10.9% 75.0% 8.4% 8.4% 81.1% 2.6% 2.6% 66.7% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Diptera_chironomidae_3 0.6% 0.6% 10.0% 0.2% 0.2% 3.6% 1.0% 1.1% 37.5% 0.2% 0.2% 8.1% 0.3% 0.3% 11.1% 
Diptera_diptera_1 - - - - - - 0.3% 0.3% 9.4% 0.1% 0.1% 5.4% 0.2% 0.2% 11.1% 
Diptera_diptera_2 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 6.3% 0.1% 0.1% 2.7% - - - 
Diptera_diptera_3 - - - 0.7% 0.8% 14.3% 0.7% 0.7% 31.3% 0.3% 0.3% 10.8% 0.2% 0.2% 11.1% 
Diptera_dixidae_1 0.2% 0.2% 5.0% - - - 0.1% 0.1% 3.1% - - - - - - 
Diptera_empididae_1 - - - 0.1% 0.1% 3.6% 0.3% 0.4% 12.5% 0.7% 0.7% 29.7% 0.3% 0.3% 5.6% 
Diptera_empididae_2 - - - - - - 0.2% 0.2% 6.3% - - - - - - 
Diptera_empididae_3 0.2% 0.2% 5.0% 0.2% 0.2% 7.1% 1.7% 1.7% 31.3% 0.5% 0.5% 16.2% 0.7% 0.7% 16.7% 
Diptera_mycetophilidae_3 0.4% 0.4% 5.0% - - - - - - - - - - - - 
Diptera_phoridae_3 - - - 0.2% 0.2% 3.6% - - - - - - - - - 
Diptera_ptycopteridae_1 0.2% 0.2% 5.0% - - - - - - - - - - - - 
Diptera_simuliidae_1 0.8% 0.8% 10.0% 0.2% 0.2% 7.1% 0.3% 0.3% 12.5% 1.7% 1.7% 27.0% 0.1% 0.1% 5.6% 
Diptera_simuliidae_3 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 3.1% - - - 0.1% 0.1% 5.6% 
Diptera_tipulidae_1 0.2% 0.2% 5.0% 0.2% 0.3% 10.7% 0.3% 0.4% 12.5% 0.4% 0.4% 16.2% - - - 
Diptera_tipulidae_2 - - - - - - - - - - - - 0.1% 0.1% 5.6% 
Diptera_tipulidae_3 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 3.1% 0.1% 0.1% 2.7% 0.4% 0.4% 22.2% 
empty stomach 0.4% - 10.0% 0.3% - 14.3% 0.1% - 3.1% - - - - - - 
Ephemeroptera_baetidae_1 4.1% 4.2% 40.0% 0.3% 0.3% 14.3% 1.0% 1.0% 40.6% 17.3% 17.4% 83.8% 1.3% 1.3% 44.4% 
Ephemeroptera_baetidae_3 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 3.1% - - - 0.1% 0.1% 5.6% 
Ephemeroptera_ephemerellidae_1 - - - - - - - - - 0.1% 0.1% 2.7% - - - 
Ephemeroptera_ephemeroptera_1 - - - - - - - - - - - - 0.1% 0.1% 5.6% 
Ephemeroptera_ephemeroptera_3 2.5% 2.5% 10.0% 0.2% 0.3% 10.7% 0.2% 0.2% 6.3% 0.1% 0.1% 5.4% 0.9% 0.9% 11.1% 
Ephemeroptera_heptageniidae_1 - - - - - - - - - 0.4% 0.4% 13.5% 0.2% 0.2% 11.1% 
Gastropoda_ancylidae_3 - - - 0.1% 0.1% 3.6% - - - - - - - - - 
Gastropoda_physidae_3 5.7% 5.9% 50.0% 2.9% 3.0% 21.4% 0.1% 0.1% 6.3% 1.3% 1.3% 27.0% 1.8% 1.8% 27.8% 
Gastropoda_planorbidae_3 0.2% 0.2% 5.0% - - - - - - - - - 0.1% 0.1% 5.6% 
Gastropoda_slug_3 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 3.1% - - - 0.1% 0.1% 5.6% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Hemiptera_aphididae_3 0.4% 0.4% 10.0% - - - 0.2% 0.2% 9.4% - - - 0.1% 0.1% 5.6% 
Hemiptera_cicadellidae_3 0.4% 0.4% 10.0% 0.1% 0.1% 3.6% - - - 0.1% 0.1% 5.4% 0.3% 0.3% 11.1% 
Hemiptera_corixidae_3 - - - 0.2% 0.2% 7.1% - - - - - - - - - 
Hemiptera_hemiptera_3 - - - 0.1% 0.1% 3.6% - - - - - - - - - 
Hemiptera_nabidae_3 - - - - - - - - - 0.1% 0.1% 2.7% - - - 
Hemiptera_pentatomidae_3 - - - - - - 0.1% 0.1% 3.1% - - - 0.2% 0.2% 11.1% 
Hemiptera_psyllidae_3 0.2% 0.2% 5.0% - - - - - - - - - - - - 
Hymenoptera_formicidae_3 0.2% 0.2% 5.0% - - - 0.2% 0.2% 6.3% - - - - - - 
Hymenoptera_hymenoptera _1 0.2% 0.2% 5.0% 0.2% 0.3% 7.1% 0.1% 0.1% 3.1% - - - 0.1% 0.1% 5.6% 
Hymenoptera_hymenoptera_3 0.2% 0.2% 5.0% 0.3% 0.3% 7.1% 0.3% 0.4% 15.6% 0.1% 0.1% 2.7% 0.1% 0.1% 5.6% 
Isopoda_isopoda_3 - - - 0.2% 0.3% 3.6% - - - - - - - - - 
Lepidoptera_lepidoptera_1 0.4% 0.4% 5.0% 0.2% 0.2% 7.1% 0.2% 0.2% 9.4% 0.2% 0.2% 10.8% 1.1% 1.1% 22.2% 
Megaloptera_sialidae_1 - - - - - - - - - - - - 0.1% 0.1% 5.6% 
Nematoda_nematoda_3 - - - 0.2% 0.2% 3.6% 0.1% 0.1% 3.1% 0.2% 0.2% 2.7% - - - 
Odonata_aeshnidae_1 - - - - - - - - - 0.1% 0.1% 2.7% - - - 
Odonata_gomphidae_1 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 6.3% 0.1% 0.1% 5.4% 0.1% 0.1% 5.6% 
Plecoptera_perlidae_1 - - - 0.1% 0.1% 3.6% 0.1% 0.1% 3.1% - - - 0.3% 0.3% 11.1% 
Plecoptera_perlodidae_1 - - - - - - - - - 0.4% 0.4% 8.1% - - - 
Plecoptera_plecoptera_1 0.2% 0.2% 5.0% - - - - - - 0.1% 0.1% 2.7% - - - 
Psocoptera_psocoptera_3 - - - 0.4% 0.4% 14.3% 0.3% 0.3% 12.5% 0.1% 0.1% 5.4% 0.4% 0.4% 16.7% 
Thysanoptera_thysanoptera_3 - - - - - - 0.1% 0.1% 3.1% - - - - - - 
Trichoptera_brachycentridae_1 - - - 0.2% 0.3% 10.7% - - - 0.3% 0.3% 16.2% 0.5% 0.5% 16.7% 
Trichoptera_glossosomatidae_1 0.4% 0.4% 5.0% - - - - - - 0.2% 0.2% 2.7% - - - 
Trichoptera_hydropsychidae_1 0.4% 0.4% 10.0% 0.4% 0.4% 17.9% 0.2% 0.2% 9.4% 1.7% 1.7% 37.8% 1.0% 1.0% 27.8% 
Trichoptera_hydroptilidae_1 0.6% 0.6% 10.0% - - - - - - 0.2% 0.2% 5.4% - - - 
Trichoptera_lepidostomatidae_1 0.8% 0.8% 10.0% - - - 0.1% 0.1% 3.1% 0.4% 0.4% 13.5% 0.2% 0.2% 5.6% 
Trichoptera_leptoceridae_1 - - 5.0% 0.1% 0.1% 3.6% - - - 0.1% 0.1% 2.7% 0.2% 0.2% 5.6% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_philopotamidae_1 - - - 0.3% 0.3% 10.7% 0.8% 0.8% 25.0% 0.6% 0.6% 8.1% 0.5% 0.5% 16.7% 
Trichoptera_polycentropodidae_1 0.2% 0.2% 5.0% 0.2% 0.3% 10.7% 0.7% 0.7% 9.4% 0.3% 0.3% 10.8% 0.9% 0.9% 27.8% 
Trichoptera_rhyacophilidae_1 0.2% 0.2% 5.0% 0.3% 0.3% 10.7% - - - 0.4% 0.4% 16.2% 0.2% 0.2% 11.1% 
Trichoptera_trichoptera_1 0.4% 0.4% 5.0% 0.2% 0.3% 10.7% 0.3% 0.4% 12.5% 0.1% 0.1% 5.4% - - - 
Trichoptera_trichoptera_3 0.4% 0.4% 10.0% 1.7% 1.7% 21.4% 0.6% 0.6% 18.8% 0.5% 0.5% 13.5% 1.4% 1.4% 33.3% 
September n=12     n=26     n=26     n=34     n=14     
Amphipoda_amphipoda_3 - - - 0.1% 0.1% 3.8% - - - 0.1% 0.1% 2.9% - - - 
Annelida_oligochaeta_3 - - - 0.2% 0.2% 7.7% 0.1% 0.1% 3.8% - - - 0.8% 0.8% 14.3% 
Arachnida_hydrachnidia_3 - - - - - - 0.1% 0.1% 3.8% 0.1% 0.1% 2.9% 0.2% 0.2% 14.3% 
Arachnida_spider_3 0.6% 0.6% 25.0% 0.6% 0.6% 11.5% 0.2% 0.2% 11.5% 0.1% 0.1% 5.9% 0.1% 0.1% 7.1% 
Coleoptera_carabidae_3 - - - - - - - - - - - - 0.1% 0.1% 7.1% 
Coleoptera_coleoptera_3 0.2% 0.2% 8.3% - - - - - - - - - 0.1% 0.1% 7.1% 
Coleoptera_dytiscidae_3 - - - 0.2% 0.2% 3.8% - - - - - - - - - 
Coleoptera_elmidae_1 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Coleoptera_pyrochoridae_3 - - - - - - - - - 0.1% 0.1% 2.9% - - - 
Collembola_collembola_3 - - - 0.3% 0.3% 11.5% 0.1% 0.1% 3.8% - - - - - - 
Diplopoda_diplopoda_3 - - - - - - - - - - - - 0.1% 0.1% - 
Diptera_athericidae_1 0.2% 0.2% 8.3% - - - - - - - - - - - - 
Diptera_ceratopogonidae_1 - - - 0.1% 0.1% 3.8% 0.1% 0.1% 3.8% 0.2% 0.2% 8.8% - - - 
Diptera_chironomidae_1 0.8% 0.8% 25.0% - - - 0.3% 0.3% 19.2% 0.4% 0.4% 14.7% 0.2% 0.2% 14.3% 
Diptera_chironomidae_2 - - - 0.1% 0.1% - 0.1% 0.1% 3.8% 0.1% 0.1% 5.9% - - - 
Diptera_diptera_1 - - - 0.1% 0.1% 3.8% - - - 0.1% 0.1% 2.9% 0.1% 0.1% 7.1% 
Diptera_diptera_3 - - - - - - 0.1% 0.1% 3.8% 0.1% 0.1% 5.9% - - - 
Diptera_empididae_1 - - - 0.1% 0.1% 3.8% - - - 0.1% 0.1% 2.9% - - - 
Diptera_simuliidae_1 - - - - - - - - - 0.1% 0.1% 5.9% 0.2% 0.2% 14.3% 
Diptera_tipulidae_1 - - - 0.1% 0.1% 3.8% - - - - - - 0.1% 0.1% 7.1% 
empty stomach 0.4% - 16.7% 0.4% - 19.2% 0.5% - 30.8% 0.3% - 14.7% 0.3% - 21.4% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Ephemeroptera_ephemerellidae_1 1.0% 1.0% 16.7% - - - - - - - - - - - - 
Ephemeroptera_ephemeroptera_3 - - - - - - - - - 0.1% 0.1% 2.9% 0.1% 0.1% 7.1% 
Ephemeroptera_heptageniidae_1 0.2% 0.2% 8.3% 0.2% 0.3% 11.5% - - - 0.5% 0.5% 17.6% - - - 
Ephemeroptera_leptophlebiidae_1 0.2% 0.2% 8.3% - - - - - - 0.2% 0.2% 8.8% - - - 
Gastropoda_lymnaeidae_3 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Gastropoda_physidae_3 1.4% 1.5% 33.3% 4.0% 4.0% 42.3% 0.1% 0.1% 3.8% 0.4% 0.4% 11.8% 1.0% 1.0% 28.6% 
Gastropoda_planorbidae_3 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Hemiptera_aphididae_3 0.4% 0.4% 8.3% - - - - - - - - - - - - 
Hemiptera_cicadellidae_3 - - - 0.1% 0.1% 3.8% - - - 0.1% 0.1% 5.9% - - - 
Hemiptera_corixidae_3 - - - - - - - - - 0.1% 0.1% 2.9% - - - 
Hemiptera_hemiptera_3 - - - - - - 0.1% 0.1% 3.8% - - - - - - 
Hymenoptera_hymenoptera_1 0.2% 0.2% 8.3% - - - - - - - - - - - - 
Hymenoptera_hymenoptera_3 0.2% 0.2% 8.3% - - - - - - - - - - - - 
Lepidoptera_lepidoptera_1 - - - 0.2% 0.2% 7.7% 0.2% 0.2% 11.5% 0.2% 0.2% 5.9% 0.2% 0.2% 14.3% 
Megaloptera_sialidae_1 - - - - - - - - - 0.1% 0.1% 2.9% - - - 
Nematoda_nematoda_3 0.2% 0.2% 8.3% 0.2% 0.2% 7.7% - - - 0.1% 0.1% 2.9% - - - 
Odonata_calopterygidae_1 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Odonata_gomphidae_1 - - - - - - - - - - - - 0.1% 0.1% 7.1% 
Plecoptera_perlidae_1 - - - - - - - - - 0.1% 0.1% 2.9% - - - 
Plecoptera_perlodidae_1 - - - - - - 0.1% 0.1% 3.8% 0.1% 0.1% 2.9% - - - 
Plecoptera_plecoptera_1 - - - - - - - - - 0.1% 0.1% 2.9% - - - 
Psocoptera_psocoptera_3 - - - - - - 0.1% 0.1% 7.7% 0.1% 0.1% 2.9% - - - 
Teleostei_larval fish (salmonid)_5 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Trichoptera_brachycentridae_1 - - - 0.2% 0.3% 11.5% - - - 0.1% 0.1% 2.9% 0.2% 0.2% 14.3% 
Trichoptera_glossosomatidae_1 0.2% 0.2% 8.3% - - - - - - - - - 0.1% 0.1% 7.1% 
Trichoptera_hydropsychidae_1 1.0% 1.0% 8.3% 0.8% 0.8% 23.1% 1.0% 1.1% 30.8% 1.5% 1.5% 41.2% 1.7% 1.7% 28.6% 
Trichoptera_hydroptilidae_1 0.8% 0.8% 8.3% - - - 0.1% 0.1% 3.8% 0.1% 0.1% 2.9% 0.2% 0.2% 14.3% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_leptoceridae_1 - - - 0.2% 0.2% 7.7% - - - - - - - - - 
Trichoptera_limnephilidae_1 - - - 0.6% 0.6% 19.2% - - - - - - 0.1% 0.1% 7.1% 
Trichoptera_philopotamidae_1 - - - 0.2% 0.2% 7.7% 0.1% 0.1% 7.7% 0.1% 0.1% 2.9% 0.5% 0.5% 14.3% 
Trichoptera_phryganeidae_1 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Trichoptera_polycentropodidae_1 0.2% 0.2% 8.3% 0.1% 0.1% 3.8% - - - 0.2% 0.2% 5.9% - - - 
Trichoptera_rhyacophilidae_1 0.2% 0.2% 8.3% - - - 0.1% 0.1% 3.8% 0.3% 0.3% 14.7% 0.1% 0.1% 7.1% 
Trichoptera_trichoptera_1 0.6% 0.6% 25.0% - - - - - - - - - - - - 
Trichoptera_trichoptera_2 - - - 0.1% 0.1% 3.8% - - - - - - - - - 
Trichoptera_trichoptera_3 - - - - - - - - - 0.1% 0.1% 5.9% - - - 
October n=6     n=14     n=19     n=17     n=19     
Amphipoda_amphipoda_3 0.2% 0.2% 16.7% - - - - - - - - - - - - 
Annelida_oligochaeta_3 0.2% 0.2% 33.3% 0.1% 0.1% 7.1% 0.1% 0.1% 10.5% 0.1% 0.1% 5.9% 0.9% 0.9% 31.6% 
Arachnida_spider_3 - - 16.7% - - - 0.1% 0.1% 10.5% - - - 0.1% 0.1% 5.3% 
Coleoptera_elmidae_1 0.2% 0.2% - - - - - - - 0.1% 0.1% 11.8% 0.2% 0.2% 5.3% 
Coleoptera_haliplidae_1 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Coleoptera_staphylinidae_3 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Collembola_collembola_3 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Diplopoda_diplopoda_3 - - - - - - - - - - - - 0.2% 0.2% 5.3% 
Diptera_ceratopogonidae_1 - - - - - - 0.3% 0.3% 21.1% - - - - - - 
Diptera_chironomidae_1 - - - - - - 0.5% 0.5% 15.8% 0.2% 0.2% 17.6% - - - 
Diptera_chironomidae_2 - - - - - - 1.5% 1.5% 10.5% 0.1% 0.1% 5.9% - - - 
Diptera_chironomidae_3 - - - - - - 0.2% 0.2% 21.1% - - - - - - 
Diptera_diptera_1 0.2% 0.2% 16.7% - - - - - - - - - - - - 
Diptera_muscidae_3 - - - 0.1% 0.1% 7.1% - - - - - - - - - 
Diptera_psychodidae_1 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Diptera_simuliidae_1 - - - 0.1% 0.1% 7.1% 0.1% 0.1% 5.3% 0.1% 0.1% 11.8% - - - 
Diptera_tipulidae_1 - - - 0.2% 0.2% 14.3% 0.2% 0.2% 10.5% 0.4% 0.4% 23.5% 0.5% 0.5% 26.3% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Ephemeroptera_baetidae_1 - - - - - - 0.1% 0.1% 5.3% 0.1% 0.1% 11.8% - - - 
Ephemeroptera_baetidae_3 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Ephemeroptera_ephemerellidae_1 - - - 0.1% 0.1% 7.1% 0.3% 0.4% 15.8% 1.3% 1.3% 47.1% 0.7% 0.7% 31.6% 
Ephemeroptera_heptageniidae_1 - - - - - - 0.1% 0.1% 5.3% 0.3% 0.3% 23.5% 0.3% 0.3% 15.8% 
Ephemeroptera_leptophlebiidae_1 - - - - - - - - - 0.1% 0.1% 5.9% 0.4% 0.4% 15.8% 
Gastropoda_lymnaeidae_3 0.4% 0.4% 33.3% 0.1% 0.1% 7.1% - - - - - - - - - 
Gastropoda_physidae_3 1.8% 1.9% 66.7% 12.1% 12.4% 85.7% - - - 0.1% 0.1% 5.9% 4.5% 4.5% 26.3% 
Gastropoda_planorbidae_3 0.2% 0.2% 16.7% 0.4% 0.4% 7.1% - - - - - - - - - 
Hemiptera_corixidae_3 0.2% 0.2% 16.7% 0.1% 0.1% 7.1% - - - - - - - - - 
Hemiptera_delphacidae_3 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Hemiptera_gerridae_3 - - - - - - - - - - - - 0.1% 0.1% 5.3% 
Hemiptera_saldidae_3 - - - - - - - - - - - - 0.1% 0.1% 5.3% 
Hirudinea_hirudinea_3 - - - - - - - - - - - - 0.1% 0.1% 5.3% 
Isopoda_isopoda_3 - - - - - - - - - - - - 0.1% 0.1% 5.3% 
Lepidoptera_lepidoptera_1 - - - 0.2% 0.3% 21.4% - - - 0.1% 0.1% 5.9% - - - 
Odonata_calopterygidae_1 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Odonata_gomphidae_1 - - - - - - 0.2% 0.2% 10.5% - - - 0.2% 0.2% 10.5% 
Plecoptera_chloroperlidae_1 - - - - - - - - - 0.1% 0.1% 5.9% - - - 
Plecoptera_perlidae_1 - - - 0.1% 0.1% 7.1% - - - - - - - - - 
Plecoptera_perlodidae_1 - - - 0.1% 0.1% 7.1% - - - 0.2% 0.2% 17.6% - - - 
Plecoptera_plecoptera_1 - - - - - - 0.1% 0.1% 5.3% 0.2% 0.2% 11.8% 0.1% 0.1% 5.3% 
Plecoptera_pteronarcyidae_1 - - - - - - 0.1% 0.1% 10.5% - - - 0.3% 0.3% 15.8% 
Plecoptera_taeniopterygidae_1 - - - - - - - - - - - - 0.1% 0.1% 5.3% 
Teleostei_fish egg (COH)_4 - - - 0.2% 0.3% 14.3% - - - - - - 8.4% 8.5% 26.3% 
Teleostei_larval fish (Culaea inconstans)_5 - - - - - - 0.1% 0.1% 5.3% - - - - - - 
Teleostei_larval fish (salmonid)_5 - - - 0.1% 0.1% 7.1% - - - - - - - - - 
Trichoptera_brachycentridae_1 - - - 0.2% 0.2% 14.3% - - - 0.2% 0.2% 5.9% 0.1% 0.1% 5.3% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_hydropsychidae_1 0.2% 0.2% 16.7% 0.6% 0.6% 35.7% 0.8% 0.8% 47.4% 0.6% 0.6% 35.3% 3.7% 3.8% 47.4% 
Trichoptera_hydroptilidae_1 0.4% 0.4% 16.7% 0.1% 0.1% 7.1% 0.8% 0.8% 15.8% 0.2% 0.2% 17.6% - - - 
Trichoptera_lepidostomatidae_1 - - - 0.2% 0.3% 14.3% - - - 1.0% 1.0% 41.2% 1.0% 1.0% 26.3% 
Trichoptera_leptoceridae_1 - - - 0.2% 0.2% 14.3% 0.1% 0.1% 5.3% - - - - - - 
Trichoptera_limnephilidae_1 - - - 0.7% 0.8% 35.7% 0.1% 0.1% 5.3% - - - 0.1% 0.1% 5.3% 
Trichoptera_philopotamidae_1 - - - 0.2% 0.2% 14.3% 0.5% 0.5% 26.3% 0.8% 0.8% 52.9% 0.8% 0.8% 31.6% 
Trichoptera_polycentropodidae_1 - - - - - - 0.1% 0.1% 5.3% - - - 0.1% 0.1% 5.3% 
Trichoptera_rhyacophilidae_1 - - - - - - 0.1% 0.1% 5.3% 0.4% 0.4% 29.4% 0.7% 0.7% 26.3% 
Trichoptera_trichoptera_3 - - - - - - - - - 0.1% 0.1% 5.9% - - - 
November n=13     n=18     n=31     n=26     n=13     
Amphipoda_amphipoda_3 - - - 0.2% 0.2% 5.6% - - - - - - - - - 
Annelida_oligochaeta_3 1.4% 1.5% 38.5% 0.7% 0.8% 11.1% 0.3% 0.3% 12.9% - - - - - - 
Arachnida_pseudoscorpionida_3 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Arachnida_spider_3 - - - 0.1% 0.1% 5.6% 0.1% 0.1% 6.5% 0.1% 0.1% 3.8% - - - 
Bivalvia_sphaeriidae_3 - - - 0.1% 0.1% 5.6% - - - - - - - - - 
Coleoptera_coleoptera_1 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Coleoptera_dytiscidae_1 - - - 0.1% 0.1% 5.6% - - - - - - - - - 
Coleoptera_elmidae_1 - - - - - - 0.1% 0.1% 3.2% 0.2% 0.2% 11.5% - - - 
Diptera_athericidae_1 - - - 0.1% 0.1% 5.6% - - - - - - 0.1% 0.1% 7.7% 
Diptera_ceratopogonidae_1 0.2% 0.2% 7.7% - - - - - - 0.1% 0.1% 3.8% - - - 
Diptera_chironomidae_1 0.2% 0.2% 7.7% - - - 0.1% 0.1% 6.5% 0.1% 0.1% 3.8% - - - 
Diptera_diptera_1 0.4% 0.4% 15.4% - - - - - - - - - 0.1% 0.1% 7.7% 
Diptera_diptera_3 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Diptera_empididae_1 - - - - - - 0.1% 0.1% 3.2% 0.1% 0.1% 3.8% - - - 
Diptera_mycetophilidae_3 - - - - - - 0.2% 0.2% 3.2% - - - - - - 
Diptera_simuliidae_1 - - - - - - - - - 0.1% 0.1% 7.7% - - - 
Diptera_tipulidae_1 0.2% 0.2% 7.7% 0.5% 0.5% 11.1% 0.2% 0.2% 9.7% 0.1% 0.1% 3.8% 0.8% 0.8% 23.1% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Ephemeroptera_baetidae_1 0.2% 0.2% 7.7% - - - 0.2% 0.2% 9.7% 0.2% 0.2% 11.5% 0.2% 0.2% - 
Ephemeroptera_ephemerellidae_1 0.6% 0.6% 23.1% - - - 0.5% 0.5% 19.4% 0.5% 0.5% 23.1% 0.3% 0.3% 15.4% 
Ephemeroptera_ephemeroptera_1 - - - - - - - - - 0.1% 0.1% 3.8% - - - 
Ephemeroptera_heptageniidae_1 - - - 0.2% 0.2% 5.6% 0.2% 0.2% 9.7% 0.2% 0.2% 11.5% 0.1% 0.1% 7.7% 
Ephemeroptera_leptophlebiidae_1 0.2% 0.2% 7.7% 7.8% 8.0% 22.2% 0.3% 0.4% 12.9% 0.2% 0.2% 11.5% - - - 
Gastropoda_physidae_3 - - 15.4% 0.3% 0.3% 16.7% - - - - - - - - - 
Gastropoda_slug_3 0.4% 0.4% - - - - - - - 0.1% 0.1% 3.8% - - - 
Hemiptera_corixidae_3 - - - 0.1% 0.1% 5.6% 0.1% 0.1% 6.5% - - - - - - 
Hirudinea_hirudinea_3 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Myriapoda_myriapoda_3 - - - - - - 0.1% 0.1% 6.5% - - - - - - 
Nematoda_nematoda_3 0.4% 0.4% 7.7% - - - 2.0% 2.1% 6.5% - - - - - - 
Odonata_aeshnidae_1 - - - 0.2% 0.2% 5.6% - - - - - - - - - 
Odonata_calopterygidae_1 - - - - - - - - - 0.1% 0.1% 3.8% - - - 
Odonata_cordulegastridae_1 - - - - - - - - - - - - 0.1% 0.1% 7.7% 
Odonata_gomphidae_1 - - - - - - - - - 0.1% 0.1% 3.8% - - - 
Plecoptera_chloroperlidae_1 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Plecoptera_perlodidae_1 - - - - - - 0.2% 0.2% 12.9% 0.2% 0.2% 15.4% - - - 
Plecoptera_plecoptera_1 - - - 0.1% 0.1% 5.6% 0.2% 0.2% 3.2% 0.3% 0.3% 15.4% - - - 
Plecoptera_taeniopterygidae_1 - - - - - - 0.1% 0.1% 3.2% 0.1% 0.1% 7.7% 0.1% 0.1% 7.7% 
Teleostei_fish egg (COH)_4 1.6% 1.7% 23.1% 0.2% 0.3% 11.1% 0.5% 0.5% 9.7% 1.4% 1.4% 46.2% 6.1% 6.1% 30.8% 
Teleostei_fish egg (SUC)_4 - - - - - - 0.1% 0.1% 6.5% 0.2% 0.2% 3.8% - - - 
Trichoptera_brachycentridae_1 - - - - - - 0.1% 0.1% 3.2% - - - - - - 
Trichoptera_glossosomatidae_1 0.4% 0.4% 7.7% 0.1% 0.1% 5.6% 0.1% 0.1% 3.2% 0.2% 0.2% 11.5% 0.2% 0.2% 15.4% 
Trichoptera_hydropsychidae_1 1.2% 1.3% 38.5% 0.2% 0.3% 11.1% 0.4% 0.4% 22.6% 0.9% 0.9% 42.3% 0.4% 0.4% 23.1% 
Trichoptera_hydroptilidae_1 1.6% 1.7% 23.1% 0.2% 0.3% 5.6% 1.2% 1.2% 9.7% 0.1% 0.1% 3.8% - - - 
Trichoptera_lepidostomatidae_1 0.2% 0.2% 7.7% - - - - - - 0.2% 0.2% 15.4% - - - 
Trichoptera_limnephilidae_1 - - - 0.4% 0.4% 16.7% - - - - - - 0.4% 0.4% 7.7% 




Prey category Fish size category            
 B0   B1   C0   S0   S1   
 N% W% FO% N% W% FO% N% W% FO% N% W% FO% N% W% FO% 
Trichoptera_phryganeidae_1 0.2% 0.2% 7.7% 0.7% 0.7% 22.2% - - - - - - - - - 
Trichoptera_rhyacophilidae_1 - - - - - - 0.1% 0.1% 6.5% 0.4% 0.4% 15.4% 0.3% 0.3% 23.1% 
Trichoptera_trichoptera_1 - - - 0.2% 0.3% 5.6% - - - - - - - - - 
Trichoptera_trichoptera_3 0.4% 0.4% 15.4% 0.7% 0.7% 22.2% 2.2% 2.2% 35.5% 0.8% 0.8% 30.8% 1.3% 1.3% 23.1% 
 
